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Hybrid photonic/plasmonic nanostructures allow one to engineer coupling of quantum emitters
and cavity modes accounting for the direct coherent and environment mediated dissipative path-
ways. Using generalized plasmonic Dicke model, we explore the non-equilibrium phase diagram
with respect to these interactions. The analysis shows that their interplay results in the extension
of the superradiant and regular lasing states to the dissipative coupling regime and an emergent las-
ing phase without population inversion having boundary with the superradiant and normal states.
Calculated photon emission spectra are demonstrated to carry distinct signatures of these phases.
I. INTRODUCTION
In quantum plasmonics, highly polarizable metal
nanostructures supporting surface plasmon modes pro-
vide a source of strong enhancement in the photon local
density of states, an effect similar to a low-Q optical cav-
ity [1]. Technological flexibility in the design of plasmonic
cavities allows one to engineer surface plasmon states and
their interactions with quantum emitters (QE), e.g., fluo-
rescent dyes or semiconductor nanostructures, leading to
potentially desirable cooperative properties [1–3]. The
strong (ultra strong) coupling regimes, when the surface
plasmon-QE interaction strength exceeds the total cavity
losses (becomes comparable with the QE energy), opens
new opportunities for non-equilibrium exciton-plasmon
polariton condensation, non-linear emission, and las-
ing [4, 5].
In many cases, the experimental demonstration of the
effect was preceded by theoretical analysis. For instance,
theoretical studies of surface plasmon-induced superra-
diant and sub-radiant Dicke states reveal how their fre-
quency and time-domain emission features depend on
the cavity geometry, composition, and environment fluc-
tuations [6, 7]. Rapid progress in the development of
nanoscale surface plasmon laser, often referred to as the
“spaser”, has been reported [8–12]. Theoretical analysis
of critical phenomena such as Bose-Einstein condensa-
tion (BEC) of the surface plasmon-exciton-polaritons in
plasmonic lattices and arrays [13, 14] were followed by
reports claiming experimental observation of a thermal-
ized room temperature and non-equilibrium BEC along
with polariton lasing [4, 15].
In this paper, we explore possibilities of engineering
quantum critical properties of plasmonic cavities by ex-
amining the non-equilibrium phase diagram and associ-
ated photon emission spectra with respect to the nature
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and strength of the surface plasmon - QE interactions.
To do so, we generalize a driven-dissipative Dicke model
describing an ensemble of identical two-level QEs cou-
pled to a single bosonic surface plasmon mode referred
to below as the surface plasmon cavity mode (SPCM)
(Fig. 1(a)). We incorporate into the model two distinct
SPCM-QE interaction pathways which we illustrate in
Fig. 1(b): a coherent coupling, λ, which stems from a
direct, e.g., dipole-dipole interaction between the SPCM
and a QE and a dissipative coupling, η, which is facili-
tated by coupling to a reservoir, which may be either a
photon continuum or a dark surface plasmon mode (il-
lustrated in Fig. 1(a)) interacting in the near-field with
both the SPCM and QEs. The energy is injected into the
cavity incoherently, e.g., via electrical pumping or opti-
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FIG. 1. (a) An example of plasmonic cavity filled with QEs
coupled to the SPCM (red wavy line) and dark plasmon mode
(brown wavy line) both due to an array of metal nanoparticles
(MNPs). The SPCM also interacts with the dark plasmon
mode. The QEs are subject to an incoherent pumping and
the SPCM is the source of photons emitted outside the cavity.
(b) Partitioning of the interaction rate between a QE and the
quantized SPCM states into the coherent, λ, and dissipative,
η, quantum exchange rates.
ar
X
iv
:1
90
9.
01
61
9v
2 
 [c
on
d-
ma
t.m
es
-h
all
]  
27
 N
ov
 20
19
2cal excitation of the QE high excited states followed by
phonon assisted relaxation to the “active” excited state.
The SPCM is coupled to the photon continuum facilitat-
ing the cavity emission.
The dissipative coupling via photon reservoir was in-
troduced by Lehmberg as the off-diagonal radiative decay
terms in the Lindblad operator to describe the superra-
diant emission from an ensemble of two-level atoms [16].
Subsequently, this approach has been widely used to
study the superradiant emission in a large variety of sys-
tems [6, 17, 18]. Coupling via a reservoir has been intro-
duced in cascaded quantum systems [19, 20] and shown to
be important for quantum information applications [21].
The dissipative coupling is also shown to facilitate quan-
tum entanglement [22–24] and can be employed to steer
open quantum system into non-trivial states [25, 26].
The Dicke model provides a fundamental model of cav-
ity QED and has been studied in a context of super-
radiant phase transition both in equilibrium and non-
equilibrium regimes.[27] Its generalized version with im-
balanced rotating and counter-rotating terms has rev-
elled a rich phase diagram allowing for the superradi-
ant and various lasing states [27–29]. In this paper, we
demonstrate that the interplay of the coherent and dissi-
pative interactions incorporated into the plasmonic Dicke
model results in the extension of the superradiant and
regular lasing phases to the dissipative coupling region
of the phase diagram and shows an emergent lasing state
without population inversion (referred below as lasing
without inversion) having phase boundaries with the su-
perradiant and normal steady states. We demonstrate
that the associated photon emission spectra carry dis-
tinct spectroscopic signatures of the various phases.
The paper organized as follows. Generalization of the
plasmonic Dicke model accounting for the dissipative
coupling is presented in Sec. II. In Sec. III the mean field
and second moment equations of motion are employed
to calculate the non-equilibrium phase diagram and to
identify the steady states. Associated photon emission
spectra are analyzed in Sec. IV and the conclusions are
drown in Sec. V.
II. GENERALIZED DICKE MODEL
The SPCM cavity mode (Fig. 1) is described by Bose
operators, {ψ†, ψ}. Each two-level QE occupying site
n = 1,No is characterized by a set of spin operators
{sˆ±n = sˆxn ± isˆyn, szn}, related to the Pauli SU(2) oper-
ators as sˆjn =
1
2 σˆ
j
n with j = x, y, z. Assuming that the
QEs and the SPCM have the same resonance energy, ωo,
and the same coherent quantum exchange rate, λ, we
describe the system by the following Dicke Hamiltonian
given in units of ~
HˆD = ωoψˆ
†ψˆ + ωo
( No∑
n=1
sˆzn +
No
2
)
(1)
+λ
(
ψˆ + ψˆ†
) No∑
n=1
(
sˆ−n + sˆ
+
n
)
.
By taking into account that the plasmonic cavity
(Fig. 1) is an open quantum system, we introduce a den-
sity operator ρˆ projected on the SPCM and QE space
whose time evolution is described by a Liouville equa-
tion
∂tρˆ = −i
[
HˆD, ρˆ
]
+ ΓspDˆψˆ[ρˆ] +
γ↑
2
No∑
n=1
Dˆsˆ+n [ρˆ] (2)
+
γ↓
2
No∑
n=1
Dˆsˆ−n [ρˆ] + γφ
No∑
n=1
Dˆsˆzn [ρˆ] + η
No∑
n=1
Dˆψˆ,sˆ+n [ρˆ].
Here, the Lindblad superoperator DˆOˆ[ρˆ] = (2OˆρˆOˆ† −
Oˆ†Oˆρˆ − ρˆOˆ†Oˆ) with Oˆ = {ψˆ, sˆ−n , s+n , sˆzn} acts either
within the SPCM or QE subspaces. It describes the
SPCM population decay with the rate 2Γsp, QEs’ popu-
lation decay with the rate γ↓, population gain due to an
incoherent pump with the rate γ↑, and a pure dephas-
ing with the rate γφ. All introduced population decay
rates include both the radiative and non-radiative con-
tributions. The last term in Eq. (2) partitions the dissi-
pative SPCM and QE interaction with the rate η using
the Lindblad operator [30]
Dˆψˆ,sˆ+n [ρˆ] = 2ψˆρˆsˆ+n − sˆ+n ψˆρˆ− ρˆsˆ+n ψˆ (3)
+ 2sˆ−n ρˆψˆ
† − ψˆ†sˆ−n ρˆ− ρˆψˆ†sˆ−n .
Eqs. (1)–(3) constitute our generalization of a driven-
dissipative plasmonic Dicke model.
Microscopic derivation of this model with the SPCM-
QE interactions facilitated by the photon continuum
is provided in Appendix A. Associated expressions for
the coherent and incoherent coupling rates are given by
Eqs. (A42) and (A43) complemented by Eqs. (A27) and
(A28), respectively. These equations naturally account
for the photon retardation effects allowing one to treat
plasmonic cavities with the size of the order of an op-
tical wavelength, the regime when conventional near-
field dipole-dipole approximation breaks down. In the
near-field limit, the dissipative interaction (Eq. (A28))
becomes week, i.e., scales with the distance r between
the dipole as r−1. Therefore, dropping the dissipative
term in the near-field limit, we recover a plasmonic cav-
ity model used in Ref. [14] to study equilibrium exciton-
plasmon polariton condensation. As demonstrated in
Appendix B, an alternative way to achieve a dissipative
including the near-field limit is to facilitate the SPCM-
QEs interactions via a broad dark plasmon mode.
3III. NONEQUILIBRIUM PHASE DIAGRAM
A. Mean-field analysis
The following mean-field equations of motion directly
follow from Eqs. (1)–(3)
∂τψ = −
(
i+ Γ¯sp
)
ψ − 2iNoλ¯Re[s−]−Noλ¯η¯s−, (4)
∂τs− = −
(
i+ Γ¯o
)
s− + 4iλ¯szRe [ψ] + 2λ¯η¯szψ, (5)
∂τsz = −γ¯o
(
sz − do
2
)
− 4λ¯Im [s−] Re [ψ] (6)
−2λ¯η¯Re [ψ∗s−] ,
where the scalar variables are ψ = 〈ψˆ〉, s− = 〈sˆ−〉, and
sz = 〈sˆz〉 with the normalized per site spin operators
and the brackets defined as sˆ±,z =
∑
n(sˆ
±,z
n )/No and
〈Oˆ〉 = tr(Oˆρˆ), respectively. τ = ωot is a dimensionless
time variable. λ¯ = λ/ωo [η¯ = η/λ] is normalized coher-
ent [dissipative] coupling rate. The normalized SPCM
dephasing rate is Γ¯sp = Γsp/ωo and the QE dephasing
[total population decay] rate is Γ¯o = (γ↓/2+γ↑/2+γφ)/ωo
[γ¯o = (γ↓ + γ↑)/ωo]. Finally, do = (γ↑ − γ↓)/(γ↑ + γ↓) is
the population inversion parameter.
The normal state is the trivial steady state of Eqs. (4)–
(6) characterized by the QE population inversion snsz =
do/2 and the absence of the SPCM and QE coherences,
sns− = ψ
ns = 0. The fluctuations of the normal state
coherences, δψ = ψ − ψns and δs− = s− − sns− , satisfy
linearized Eqs. (4) and (5) represented in the matrix form
∂τv =Mv, (7)
with the vector v = [δψ, δψ∗, δs−, δs∗−]
T and the stability
matrix [31],
M = (8)
−i− Γ¯sp 0 −Noλ¯(i+ η¯) −iNoλ¯
0 i− Γ¯sp iNoλ¯ Noλ¯(i− η¯)
2szλ¯(i+ η¯) 2iszλ¯ −i− Γ¯o 0
−2iszλ¯ −2szλ¯(i− η¯) 0 i− Γ¯o
 .
To identify a phase diagram of our model as the function
of dimensionless coherent, Noλ¯2, and dissipative, η¯, cou-
pling parameters, we look for the normal state instabili-
ties of Eq. (7). Specifically, we calculate the eigenvalues
of the matrix M with sz = snsz and check if at least one
of them acquires positive real part.
Figure 2 presents a phase diagram of the calculated
steady states at no pumping do = −1/2 (panel (a)), and
below the population inversion with do = −0.4 (panel (b))
where three distinct instability regions are identified.
The cyan region denotes a phase associated with a sin-
gle positive eigenvalue of the stability matrix that passes
through zero at the boundary with the normal state (NS).
This is a signature of the pitchfork bifurcation character-
izing a superradiant phase transition [27] breaking Z2
symmetry ψ → −ψ and s− → −s− of Eqs. (4)–(6). Ac-
cordingly, the critical coherent coupling for this transi-
tion can be evaluated as the root of det[M] = 0 resulting
in
Noλ¯2s(η) =
P (η¯)
η¯4do
√1− η¯4(1 + Γ¯2sp)(1 + Γ¯2o)
P 2(η¯)
− 1
 ,(9)
with P (η¯) = 2+2η¯(Γ¯o+Γ¯sp)+ η¯
2(Γ¯oΓ¯sp−1). For vanish-
ing dissipative coupling η¯ → 0, Eq. (9) recovers a critical
coupling Noλ¯2c = (1 + Γ¯2sp)(1 + Γ¯2o)/(−8snsz ) for the su-
perradiant phase transition in the open Dicke model.[27]
The red curves in Fig. 2 (a) and (b) due to Eq. (9) marks
well the boundaries between the normal state and the
identified superradiant (SR) region.
The green regions in Fig. 2 (a) and (b) mark the in-
stabilities characterized by simultaneous appearance of
the real positive part for two complex eigenvalues of M.
This is a signature of a critical Hopf bifurcation. In the
Tavis-Cummings model, i.e., the rotating wave limit of
the Dicke model, such an instability points to the las-
ing phase transition, which breaks U(1) gauge symmetry
ψ → eiω¯lτψ, s− → eiω¯lτs− where ω¯l = ωl/ωo is a di-
mensionless lasing frequency.[27] By applying the rotat-
ing wave approximation to Eq. (4)–(6), we recover a gen-
eralized Tavis-Cummings model (see Appendix C) with
the critical parameter
Noλ¯2l (η) =
(η¯2 − 1) (Γ¯o + Γ¯sp)2
8η¯2do
(10)
×
[
1±
√
1 +
16η¯2Γ¯spΓ¯o
(η¯2 − 1)2 (Γ¯o + Γ¯sp)2
]
.
Such defined critical parameter exists below the popu-
lation inversion, −1/2 ≤ do < 0, and the non-vanishing
dissipative coupling if the plus (minus) sign set in front
of the square root for 0 < η¯2 < 1 (η¯2 > 1). The orange
curves in Fig. 2 (a) and (b) due to Eq. (10) mark well the
boundaries between the normal state and the green re-
gion. Accordingly, we identify the latter as lasing states
without population inversion facilitated by the dissipa-
tive SPCM-QE interaction. The crossover region (gray
in Fig. 2 (a) and (b)) exhibits an interplay of both su-
perradiant and lasing instabilities resulting in properties
to be clarified below.
Above the population inversion, 0 < do ≤ 1/2, our
generalized Dicke model recovers the regular lasing state
as marked in Fig. 2 (c) by green. Variation of the critical
boundary there is in good agreement with the predictions
(orange line) of Eq. (10) where the plus (minus) sign is
adopted for η¯2 > 1 (η¯2 < 1). In this case, a limit of η¯ → 0
exists resulting in a well-known form of the QE-cavity
coupling Noλ¯2l = Γ¯oΓ¯sp/do at the lasing threshold.[32]
B. Second moment analysis
To go beyond the mean-field analysis of the instabil-
ity regions shown in Fig. 2 (a)-(c), we employ a set of
equations of motion truncated at the level of all possible
4N o
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⌘¯
<latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit>
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2
<latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit>
⌘¯
<latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit>
sz
<latexit sha1_base64="b9YGgE2yK paYvU0wzpdljWN4Pj0=">AAACY3icbVHbahRBEO2deEk2XnLRJxEaEyFCXGZ XITtvAV/EB4noJoGdZenpqdlt0pehu8Z1HOYT8mq+x58QfPLJ79Ce2UW8FTR 9OFWnq+p0kkvhMAy/doK1a9dv3Fzf6G7eun3n7tb2zqkzheUw4kYae54wB1J oGKFACee5BaYSCWfJxYsmf/YerBNGv8Myh4liMy0ywRl66q2bfpxu7YW9sA3 6L+ivwN7x2pcfn+9/g5PpdudVnBpeKNDIJXNu3A9znFTMouAS6m5cOMgZv2A zGHuomQI3qdpZa/rYMynNjPVHI23Z3xUVU86VKvGViuHc/Z1ryMNE/S89LjA bTiqh8wJB82WvrJAUDW12p6mwwFGWHjBuhR+X8jmzjKN3qBtrWHCjFNNpFadp XcWmcQ6wihE+YEVjFLqk+7GEDK2YzZFZaxb7de07vYYFXYnb5dKSpf55P4cz 1tGDxI+4YDZ96pPNTVvtk27rfhRFw+iItiAaDpZg+Hzwy/3TQa//rDd4478h JMtYJw/II3JA+uSIHJOX5ISMCCczckk+kavO92Az2AnuLUuDzkqzS/6I4OFP d0a+Hw==</latexit>
(c)
<latexit sha1_base64="vGCPu0r6SZN9PjYUJhNo/vsuB sE=">AAACY3icbVHbahRBEO2deIkbL5vokyI0JsIG4jK7BrLzFvBFRCRBNwnsLKGnp2a3SV+G7hrXYZgvEF/1g/wKP8B3 P8Ge2UW8FTR9OFWnq+p0kkvhMAy/dYKNa9dv3Ny81d26fefuvd72zpkzheUw4UYae5EwB1JomKBACRe5BaYSCefJ1Ysmf /4erBNGv8Myh5licy0ywRl66m2f71/2dsNB2Ab9FwzXYPe4d/rj6+uHH08utzuv4tTwQoFGLplz02GY46xiFgWXUHfjwk HO+BWbw9RDzRS4WdXOWtOnnklpZqw/GmnL/q6omHKuVImvVAwX7u9cQx4k6n/paYHZeFYJnRcImq96ZYWkaGizO02FBY6 y9IBxK/y4lC+YZRy9Q91Yw5IbpZhOqzhN6yo2jXOAVYzwASsao9Al3YslZGjFfIHMWrPcq2vf6Q0s6VrcLpeWLPXP+zmc sY72Ez/iktn0mU82N221+93W/SiKxtERbUE0Hq3A+HD0y/2z0WD4fDA69d8QklVskkfkCemTITkix+QlOSETwsmcfCKfy ZfO92Ar2AkerEqDzlpzn/wRweOfmcG8mg==</latexit>
(f)
<latexit sha1_base64="3FuzmxN0ddKwwD4+SJRsZivME NQ=">AAACY3icbVHbahRBEO2deIkbL5vokyI0JsIG4jK7BrLzFvBFRCRBNwnsLKGnp2a3SV+G7hrXYZgvEF/1g/wKP8B3 P8Ge2UW8FTR9OFWnq+p0kkvhMAy/dYKNa9dv3Ny81d26fefuvd72zpkzheUw4UYae5EwB1JomKBACRe5BaYSCefJ1Ysmf /4erBNGv8Myh5licy0ywRl66m0/27/s7YaDsA36Lxiuwe5x7/TH19cPP55cbndexanhhQKNXDLnpsMwx1nFLAouoe7GhY Oc8Ss2h6mHmilws6qdtaZPPZPSzFh/NNKW/V1RMeVcqRJfqRgu3N+5hjxI1P/S0wKz8awSOi8QNF/1ygpJ0dBmd5oKCxx l6QHjVvhxKV8wyzh6h7qxhiU3SjGdVnGa1lVsGucAqxjhA1Y0RqFLuhdLyNCK+QKZtWa5V9e+0xtY0rW4XS4tWeqf93M4 Yx3tJ37EJbPpM59sbtpq97ut+1EUjaMj2oJoPFqB8eHol/tno8Hw+WB06r8hJKvYJI/IE9InQ3JEjslLckImhJM5+UQ+k y+d78FWsBM8WJUGnbXmPvkjgsc/AZ+7vJ0=</latexit>
(i)
<latexit sha1_base64="G8Yzi6rJjhoWZQu uTi4RRDaJmcM=">AAACY3icbVHZahRBFK1ptzhxmUSfFKEwESYQh+5EUd8CvoiIJOgkgekhVF fdnilSS1N127Fp+gvEV/0gv8IP8N1PsLpnCG4Hirqcc0/dpbJCSY9x/L0XXbp85eq1tev99R s3b90ebGwee1s6DmNulXWnGfOgpIExSlRwWjhgOlNwkp2/bPWTD+C8tOY9VgVMNZsZmUvOMFD vhnLnbLAVj+IO9N8gWQVbB4Ojn9/e3Pt0eLbRe50Ky0sNBrli3k+SuMBpzRxKrqDpp6WHgvFz NoNJCA3T4Kd112tDHwVG0Ny6cAzSjv3dUTPtfaWzkKkZzv3fWkvuZvp/8qTE/Pm0lqYoEQxf1 spLRdHSdnYqpAOOqgoB406GdimfM8c4hg31UwMLbrVmRtSpEE2d2nZzgHWK8BFrmqI0Fd1OFe To5GyOzDm72G6aUOktLOjK3A0nKibC86EPb52nwyy0uGBOPA5ie9POu9Pvtv8iYO/pxa7pkk n2L5jjvVGyP3pyFL4hJkuskfvkIRmShDwjB+QVOSRjwsmMfCZfyNfej2g92ozuLlOj3spzh/y B6MEvjwO8bA==</latexit>
Nsp/No
<latexit sha1_base64="1PSu36ACiWBAxOi0Eyy1+NgYOJo= ">AAACc3icbVHLbhMxFHWGVwmvpIhVN1YbpCLRdBJAzewqsUEsoiKRtlImijweT2LVj5F9h2FkzZYVH8CGBRv4Jj6EPZ5JhHhd yfLRuT6+x8dJLriFMPzeCa5dv3Hz1s7t7p279+4/6PV3z60uDGUzqoU2lwmxTHDFZsBBsMvcMCITwS6Sq5dN/+IdM5Zr9RaqnC0 kWSmecUrAU8tef7p0Nq+PXUyJwNN6qZe9g3AYtoX/BaMtODjd/fLh04tHH8+W/c7rONW0kEwBFcTa+SjMYeGIAU4Fq7txYVlO6 BVZsbmHikhmF671XuPHnklxpo1fCnDL/q5wRFpbycSflATW9u9eQz5N5P/a8wKyycJxlRfAFN3MygqBQeMmC5xywyiIygNCDfd 2MV0TQyj4xLqxYiXVUhKVujhNaxfrJkkGLgb2HhyOgasKD2LBMjB8tQZijC4Hde0nTVmJt+L2cWlFUn+992G1sfgw8RZLYtIj32 x23GqfdNv0oyiaRCe4BdFkvAGT5+Nf6Z+Ph6Nnw/Eb/w0h2tQO2kP76BCN0Ak6Ra/QGZohikr0GX1F3zo/gr1gPxhsjgadreYh +qOCo58rVcK8</latexit>
N o
 ¯
2
<latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit>
⌘¯
<latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit><latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit><latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit><latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit>
N o
 ¯
2
<latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit>
⌘¯
<latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit><latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit><latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit><latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit>
0.0
<latexit sha1_base64="12mACkL4tSQGk2lOt9wRf8ICogg=">AAAB63icbVBNSwMxEJ2tX7V+VT16C RbBU9kVQY9FLx4r2Fpol5JN0zY0yS7JrFCW/gUvHhTx6h/y5r8x2+5BWx8kPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5h LxK/7/WrN/XOQVRIUpAYFmv3qV28Qs1RxjUxSa7uBn2CYUYOCST6r9FLLE8omdMS7jmqquA2z+a4zcuaUARnGxj2NZK7+7siosnaqIlepKI7tspeL/3ndFIfXYSZ0kiLXbDFomEqCMckPJwNhOEM5dYQyI9yuhI2p oQxdPBUXQrB88ippX9QDvx7cX9YaN0UcZTiBUziHAK6gAXfQhBYwGMMzvMKbp7wX7937WJSWvKLnGP7A+/wBp8CNUA==</latexit><latexit sha1_base64="12mACkL4tSQGk2lOt9wRf8ICogg=">AAAB63icbVBNSwMxEJ2tX7V+VT16C RbBU9kVQY9FLx4r2Fpol5JN0zY0yS7JrFCW/gUvHhTx6h/y5r8x2+5BWx8kPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5h LxK/7/WrN/XOQVRIUpAYFmv3qV28Qs1RxjUxSa7uBn2CYUYOCST6r9FLLE8omdMS7jmqquA2z+a4zcuaUARnGxj2NZK7+7siosnaqIlepKI7tspeL/3ndFIfXYSZ0kiLXbDFomEqCMckPJwNhOEM5dYQyI9yuhI2p oQxdPBUXQrB88ippX9QDvx7cX9YaN0UcZTiBUziHAK6gAXfQhBYwGMMzvMKbp7wX7937WJSWvKLnGP7A+/wBp8CNUA==</latexit><latexit sha1_base64="12mACkL4tSQGk2lOt9wRf8ICogg=">AAAB63icbVBNSwMxEJ2tX7V+VT16C RbBU9kVQY9FLx4r2Fpol5JN0zY0yS7JrFCW/gUvHhTx6h/y5r8x2+5BWx8kPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5h LxK/7/WrN/XOQVRIUpAYFmv3qV28Qs1RxjUxSa7uBn2CYUYOCST6r9FLLE8omdMS7jmqquA2z+a4zcuaUARnGxj2NZK7+7siosnaqIlepKI7tspeL/3ndFIfXYSZ0kiLXbDFomEqCMckPJwNhOEM5dYQyI9yuhI2p oQxdPBUXQrB88ippX9QDvx7cX9YaN0UcZTiBUziHAK6gAXfQhBYwGMMzvMKbp7wX7937WJSWvKLnGP7A+/wBp8CNUA==</latexit><latexit sha1_base64="12mACkL4tSQGk2lOt9wRf8ICogg=">AAAB63icbVBNSwMxEJ2tX7V+VT16C RbBU9kVQY9FLx4r2Fpol5JN0zY0yS7JrFCW/gUvHhTx6h/y5r8x2+5BWx8kPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5h LxK/7/WrN/XOQVRIUpAYFmv3qV28Qs1RxjUxSa7uBn2CYUYOCST6r9FLLE8omdMS7jmqquA2z+a4zcuaUARnGxj2NZK7+7siosnaqIlepKI7tspeL/3ndFIfXYSZ0kiLXbDFomEqCMckPJwNhOEM5dYQyI9yuhI2p oQxdPBUXQrB88ippX9QDvx7cX9YaN0UcZTiBUziHAK6gAXfQhBYwGMMzvMKbp7wX7937WJSWvKLnGP7A+/wBp8CNUA==</latexit>
1.0
<latexit sha1_base64="6g53vR4o12E9z6hXRmKHI/GERxQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16C RbB05IVQY9FLx4r2Fpol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVtfWNzq7pd29nd2z+oHx51TJJpyto0EYnuRsQwwRVrW24F66aaERkJ9hhNbgv/8YlpwxP1YKcpCyUZKR5zSmw hocDHg3oD+3gOtEqCkjSgRGtQ/+oPE5pJpiwVxJhegFMb5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGTpzyhDFiXalLJqrvydyIo2Zysh1SmLHZtkrxP+8Xmbj6zDnKs0sU3SxKM4EsgkqHkdDrhm1YuoIoZq7WxEd E02odfHUXAjB8surpHPhB9gP7i8bzZsyjiqcwCmcQwBX0IQ7aEEbKIzhGV7hzZPei/fufSxaK145cwx/4H3+AKlGjVE=</latexit><latexit sha1_base64="6g53vR4o12E9z6hXRmKHI/GERxQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16C RbB05IVQY9FLx4r2Fpol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVtfWNzq7pd29nd2z+oHx51TJJpyto0EYnuRsQwwRVrW24F66aaERkJ9hhNbgv/8YlpwxP1YKcpCyUZKR5zSmw hocDHg3oD+3gOtEqCkjSgRGtQ/+oPE5pJpiwVxJhegFMb5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGTpzyhDFiXalLJqrvydyIo2Zysh1SmLHZtkrxP+8Xmbj6zDnKs0sU3SxKM4EsgkqHkdDrhm1YuoIoZq7WxEd E02odfHUXAjB8surpHPhB9gP7i8bzZsyjiqcwCmcQwBX0IQ7aEEbKIzhGV7hzZPei/fufSxaK145cwx/4H3+AKlGjVE=</latexit><latexit sha1_base64="6g53vR4o12E9z6hXRmKHI/GERxQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16C RbB05IVQY9FLx4r2Fpol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVtfWNzq7pd29nd2z+oHx51TJJpyto0EYnuRsQwwRVrW24F66aaERkJ9hhNbgv/8YlpwxP1YKcpCyUZKR5zSmw hocDHg3oD+3gOtEqCkjSgRGtQ/+oPE5pJpiwVxJhegFMb5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGTpzyhDFiXalLJqrvydyIo2Zysh1SmLHZtkrxP+8Xmbj6zDnKs0sU3SxKM4EsgkqHkdDrhm1YuoIoZq7WxEd E02odfHUXAjB8surpHPhB9gP7i8bzZsyjiqcwCmcQwBX0IQ7aEEbKIzhGV7hzZPei/fufSxaK145cwx/4H3+AKlGjVE=</latexit><latexit sha1_base64="6g53vR4o12E9z6hXRmKHI/GERxQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16C RbB05IVQY9FLx4r2Fpol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVtfWNzq7pd29nd2z+oHx51TJJpyto0EYnuRsQwwRVrW24F66aaERkJ9hhNbgv/8YlpwxP1YKcpCyUZKR5zSmw hocDHg3oD+3gOtEqCkjSgRGtQ/+oPE5pJpiwVxJhegFMb5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGTpzyhDFiXalLJqrvydyIo2Zysh1SmLHZtkrxP+8Xmbj6zDnKs0sU3SxKM4EsgkqHkdDrhm1YuoIoZq7WxEd E02odfHUXAjB8surpHPhB9gP7i8bzZsyjiqcwCmcQwBX0IQ7aEEbKIzhGV7hzZPei/fufSxaK145cwx/4H3+AKlGjVE=</latexit>
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<latexit sha1_base64="DXlyXMERJlkOQZleY+YEn7ncSaI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBU0ikoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJt cQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orI FCtMjI2nZkPwV19eJ90r1/dc/6HZaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A+fzB63YjVQ=</latexit><latexit sha1_base64="DXlyXMERJlkOQZleY+YEn7ncSaI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBU0ikoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJt cQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orI FCtMjI2nZkPwV19eJ90r1/dc/6HZaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A+fzB63YjVQ=</latexit><latexit sha1_base64="DXlyXMERJlkOQZleY+YEn7ncSaI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBU0ikoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJt cQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orI FCtMjI2nZkPwV19eJ90r1/dc/6HZaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A+fzB63YjVQ=</latexit><latexit sha1_base64="DXlyXMERJlkOQZleY+YEn7ncSaI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBU0ikoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJt cQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orI FCtMjI2nZkPwV19eJ90r1/dc/6HZaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A+fzB63YjVQ=</latexit>
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<latexit sha1_base64="vKwUW+Yhj5T+eEJUl2hM6715j+A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69L BbBU0hE0WPRi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx 0f+F6vWrNc70ZyDLxC1KDAo1e9avbT1gWozRMUK07vpeaIKfKcCZwUulmGlPKRnSAHUsljVEH+ezUCTmxSp9EibIlDZmpvydyGms9jkPbGVMz1IveVPzP62QmugpyLtPMoGTzRVEmiEnI9G/S5wqZEWNLKFPc3krY kCrKjE2nYkPwF19eJo9nru+5/t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnCeXHenY95a8kpZg7hD5zPH1mWjSs=</latexit><latexit sha1_base64="vKwUW+Yhj5T+eEJUl2hM6715j+A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69L BbBU0hE0WPRi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx 0f+F6vWrNc70ZyDLxC1KDAo1e9avbT1gWozRMUK07vpeaIKfKcCZwUulmGlPKRnSAHUsljVEH+ezUCTmxSp9EibIlDZmpvydyGms9jkPbGVMz1IveVPzP62QmugpyLtPMoGTzRVEmiEnI9G/S5wqZEWNLKFPc3krY kCrKjE2nYkPwF19eJo9nru+5/t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnCeXHenY95a8kpZg7hD5zPH1mWjSs=</latexit><latexit sha1_base64="vKwUW+Yhj5T+eEJUl2hM6715j+A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69L BbBU0hE0WPRi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx 0f+F6vWrNc70ZyDLxC1KDAo1e9avbT1gWozRMUK07vpeaIKfKcCZwUulmGlPKRnSAHUsljVEH+ezUCTmxSp9EibIlDZmpvydyGms9jkPbGVMz1IveVPzP62QmugpyLtPMoGTzRVEmiEnI9G/S5wqZEWNLKFPc3krY kCrKjE2nYkPwF19eJo9nru+5/t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnCeXHenY95a8kpZg7hD5zPH1mWjSs=</latexit><latexit sha1_base64="vKwUW+Yhj5T+eEJUl2hM6715j+A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69L BbBU0hE0WPRi8eK1hbaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLK6tr6RnmzsrW9s7tX3T941EmmGDZZIhLVDqlGwSU2DTcC26lCGocCW+HoZuq3nlBpnsgHM04xiOlA8ogzaqx 0f+F6vWrNc70ZyDLxC1KDAo1e9avbT1gWozRMUK07vpeaIKfKcCZwUulmGlPKRnSAHUsljVEH+ezUCTmxSp9EibIlDZmpvydyGms9jkPbGVMz1IveVPzP62QmugpyLtPMoGTzRVEmiEnI9G/S5wqZEWNLKFPc3krY kCrKjE2nYkPwF19eJo9nru+5/t15rX5dxFGGIziGU/DhEupwCw1oAoMBPMMrvDnCeXHenY95a8kpZg7hD5zPH1mWjSs=</latexit>
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<latexit sha1_base64="NJgZJGUJCiTo6QgfpG6y7FNeqtE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoP gxbAbBD0GvXiMYB6QbMLsZJIMmZ1dZnqVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwvp35zUeujYjUA05i7od0qMRAMIpW6nZ QhNwQz+2mF5Vpr1hyy+4cZJV4GSlBhlqv+NXpRywJuUImqTFtz43RT6lGwSSfFjqJ4TFlYzrkbUsVtcv8dH71lJxZpU8GkbalkMzV3xMpDY2ZhIHtDCmOzLI3E//z2gkOrv1UqDhBrthi0SCRBCMyi4D0heYM5cQSyrS wtxI2opoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzXlyXpx352PRmnOymWP4A+fzB1JRkbo=</latexit><latexit sha1_base64="NJgZJGUJCiTo6QgfpG6y7FNeqtE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoP gxbAbBD0GvXiMYB6QbMLsZJIMmZ1dZnqVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwvp35zUeujYjUA05i7od0qMRAMIpW6nZ QhNwQz+2mF5Vpr1hyy+4cZJV4GSlBhlqv+NXpRywJuUImqTFtz43RT6lGwSSfFjqJ4TFlYzrkbUsVtcv8dH71lJxZpU8GkbalkMzV3xMpDY2ZhIHtDCmOzLI3E//z2gkOrv1UqDhBrthi0SCRBCMyi4D0heYM5cQSyrS wtxI2opoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzXlyXpx352PRmnOymWP4A+fzB1JRkbo=</latexit><latexit sha1_base64="NJgZJGUJCiTo6QgfpG6y7FNeqtE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoP gxbAbBD0GvXiMYB6QbMLsZJIMmZ1dZnqVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwvp35zUeujYjUA05i7od0qMRAMIpW6nZ QhNwQz+2mF5Vpr1hyy+4cZJV4GSlBhlqv+NXpRywJuUImqTFtz43RT6lGwSSfFjqJ4TFlYzrkbUsVtcv8dH71lJxZpU8GkbalkMzV3xMpDY2ZhIHtDCmOzLI3E//z2gkOrv1UqDhBrthi0SCRBCMyi4D0heYM5cQSyrS wtxI2opoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzXlyXpx352PRmnOymWP4A+fzB1JRkbo=</latexit><latexit sha1_base64="NJgZJGUJCiTo6QgfpG6y7FNeqtE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoP gxbAbBD0GvXiMYB6QbMLsZJIMmZ1dZnqVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwvp35zUeujYjUA05i7od0qMRAMIpW6nZ QhNwQz+2mF5Vpr1hyy+4cZJV4GSlBhlqv+NXpRywJuUImqTFtz43RT6lGwSSfFjqJ4TFlYzrkbUsVtcv8dH71lJxZpU8GkbalkMzV3xMpDY2ZhIHtDCmOzLI3E//z2gkOrv1UqDhBrthi0SCRBCMyi4D0heYM5cQSyrS wtxI2opoytEEVbAje8surpFEpe27Zu78sVW+yOPJwAqdwDh5cQRXuoAZ1YKDhGV7hzXlyXpx352PRmnOymWP4A+fzB1JRkbo=</latexit>
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<latexit sha1_base64="1PS u36ACiWBAxOi0Eyy1+NgYOJo=">AAACc3icbVHLbhMxFHWGVw mvpIhVN1YbpCLRdBJAzewqsUEsoiKRtlImijweT2LVj5F9h2Fk zZYVH8CGBRv4Jj6EPZ5JhHhdyfLRuT6+x8dJLriFMPzeCa5dv 3Hz1s7t7p279+4/6PV3z60uDGUzqoU2lwmxTHDFZsBBsMvcMC ITwS6Sq5dN/+IdM5Zr9RaqnC0kWSmecUrAU8tef7p0Nq+PXUy JwNN6qZe9g3AYtoX/BaMtODjd/fLh04tHH8+W/c7rONW0kEwB FcTa+SjMYeGIAU4Fq7txYVlO6BVZsbmHikhmF671XuPHnklxpo 1fCnDL/q5wRFpbycSflATW9u9eQz5N5P/a8wKyycJxlRfAFN3 MygqBQeMmC5xywyiIygNCDfd2MV0TQyj4xLqxYiXVUhKVujhN axfrJkkGLgb2HhyOgasKD2LBMjB8tQZijC4Hde0nTVmJt+L2c WlFUn+992G1sfgw8RZLYtIj32x23GqfdNv0oyiaRCe4BdFkvA GT5+Nf6Z+Ph6Nnw/Eb/w0h2tQO2kP76BCN0Ak6Ra/QGZohikr0 GX1F3zo/gr1gPxhsjgadreYh+qOCo58rVcK8</latexit>
N o
 ¯
2
<latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit>
⌘¯
<latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit><latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit><latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit><latexit sha1_base64="uHRUMqSbzaaeo5H QThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJ tklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNk mmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3r Vml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gS fOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGeiv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOz YuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr +jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==</latexit>
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<latexit sha1_ba se64="b9YGgE2yKpaYvU0wzpdljWN4 Pj0=">AAACY3icbVHbahRBEO2deEk2 XnLRJxEaEyFCXGZXITtvAV/EB4noJo GdZenpqdlt0pehu8Z1HOYT8mq+x58Q fPLJ79Ce2UW8FTR9OFWnq+p0kkvhMA y/doK1a9dv3Fzf6G7eun3n7tb2zqkz heUw4kYae54wB1JoGKFACee5BaYSCW fJxYsmf/YerBNGv8Myh4liMy0ywRl6 6q2bfpxu7YW9sA36L+ivwN7x2pcfn+ 9/g5PpdudVnBpeKNDIJXNu3A9znFTM ouAS6m5cOMgZv2AzGHuomQI3qdpZa/ rYMynNjPVHI23Z3xUVU86VKvGViuHc /Z1ryMNE/S89LjAbTiqh8wJB82WvrJ AUDW12p6mwwFGWHjBuhR+X8jmzjKN3 qBtrWHCjFNNpFadpXcWmcQ6wihE+YEV jFLqk+7GEDK2YzZFZaxb7de07vYYFX Ynb5dKSpf55P4cz1tGDxI+4YDZ96pP NTVvtk27rfhRFw+iItiAaDpZg+Hzwy /3TQa//rDd4478hJMtYJw/II3JA+uS IHJOX5ISMCCczckk+kavO92Az2AnuL UuDzkqzS/6I4OFPd0a+Hw==</latex it>
 0.4
<latexit sha1_base64="xBOOSVG9LrcpIaOezALyZEXo7Os=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGRQj0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9j k0pXn1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0V kQlWmBgbT8WG4K++vE46167vuf5Dvda8LeIowxmcwyX40IAm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBq41h</latexit><latexit sha1_base64="xBOOSVG9LrcpIaOezALyZEXo7Os=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGRQj0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9j k0pXn1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0V kQlWmBgbT8WG4K++vE46167vuf5Dvda8LeIowxmcwyX40IAm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBq41h</latexit><latexit sha1_base64="xBOOSVG9LrcpIaOezALyZEXo7Os=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGRQj0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9j k0pXn1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0V kQlWmBgbT8WG4K++vE46167vuf5Dvda8LeIowxmcwyX40IAm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBq41h</latexit><latexit sha1_base64="xBOOSVG9LrcpIaOezALyZEXo7Os=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGRQj0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9j k0pXn1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0V kQlWmBgbT8WG4K++vE46167vuf5Dvda8LeIowxmcwyX40IAm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8wfBq41h</latexit>
 0.5
<latexit sha1_base64="4O2i+PS/thn9/icyKwQEQPgpL+8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGRih6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWx y6cJzrwbVmud6c6BV4hekBgWag+pXfxiTVFBpCMda93wvMUGGlWGE01mln2qaYDLBI9qzVGJBdZDNb52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroJMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0V kTFWmBgbT8WG4C+/vEral67vuf5Dvda4LeIowwmcwjn4cA0NuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w/DL41i</latexit><latexit sha1_base64="4O2i+PS/thn9/icyKwQEQPgpL+8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGRih6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWx y6cJzrwbVmud6c6BV4hekBgWag+pXfxiTVFBpCMda93wvMUGGlWGE01mln2qaYDLBI9qzVGJBdZDNb52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroJMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0V kTFWmBgbT8WG4C+/vEral67vuf5Dvda4LeIowwmcwjn4cA0NuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w/DL41i</latexit><latexit sha1_base64="4O2i+PS/thn9/icyKwQEQPgpL+8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGRih6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWx y6cJzrwbVmud6c6BV4hekBgWag+pXfxiTVFBpCMda93wvMUGGlWGE01mln2qaYDLBI9qzVGJBdZDNb52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroJMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0V kTFWmBgbT8WG4C+/vEral67vuf5Dvda4LeIowwmcwjn4cA0NuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w/DL41i</latexit><latexit sha1_base64="4O2i+PS/thn9/icyKwQEQPgpL+8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGRih6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWx y6cJzrwbVmud6c6BV4hekBgWag+pXfxiTVFBpCMda93wvMUGGlWGE01mln2qaYDLBI9qzVGJBdZDNb52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroJMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0V kTFWmBgbT8WG4C+/vEral67vuf5Dvda4LeIowwmcwjn4cA0NuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w/DL41i</latexit>
 0.3
<latexit sha1_base64="XjdsGb7C8UrZ9+GjOnpUzcdAI+4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGxgh6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWx y6cJz64NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6K yBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LeIowwmcwjn4cA0NuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w/AJ41g</latexit><latexit sha1_base64="XjdsGb7C8UrZ9+GjOnpUzcdAI+4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGxgh6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWx y6cJz64NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6K yBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LeIowwmcwjn4cA0NuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w/AJ41g</latexit><latexit sha1_base64="XjdsGb7C8UrZ9+GjOnpUzcdAI+4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGxgh6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWx y6cJz64NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6K yBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LeIowwmcwjn4cA0NuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w/AJ41g</latexit><latexit sha1_base64="XjdsGb7C8UrZ9+GjOnpUzcdAI+4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyGxgh6LXjxWsB/QhrLZbtqlu5uwuxFK6F/w4kERr/4hb/4bN20O2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWx y6cJz64NqzXO9OdAq8QtSgwLNQfWrP4xJKqg0hGOte76XmCDDyjDC6azSTzVNMJngEe1ZKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/VSE90EGZNJaqgki0VRypGJUf44GjJFieFTSzBRzN6K yBgrTIyNp2JD8JdfXiXtS9f3XP/hqta4LeIowwmcwjn4cA0NuIcmtIDAGJ7hFd4c4bw4787HorXkFDPH8AfO5w/AJ41g</latexit>
 0.2
<latexit sha1_base64="u8EmHgJ7O2eKYH05/8fX5WuGunk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyEpBT0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9j k0pXn1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0V kQlWmBgbT8WG4K++vE46ddf3XP+hUWveFnGU4QzO4RJ8uIYm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we+o41f</latexit><latexit sha1_base64="u8EmHgJ7O2eKYH05/8fX5WuGunk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyEpBT0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9j k0pXn1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0V kQlWmBgbT8WG4K++vE46ddf3XP+hUWveFnGU4QzO4RJ8uIYm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we+o41f</latexit><latexit sha1_base64="u8EmHgJ7O2eKYH05/8fX5WuGunk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyEpBT0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9j k0pXn1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0V kQlWmBgbT8WG4K++vE46ddf3XP+hUWveFnGU4QzO4RJ8uIYm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we+o41f</latexit><latexit sha1_base64="u8EmHgJ7O2eKYH05/8fX5WuGunk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69L BbBiyEpBT0WvXisYD+gDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2njet1Pa2Nza3invVvb2Dw6PqscnHR2nitA2iXmseiHWlDNJ24YZTnuJoliEnHbD6V3ud5+o0iyWj2aW0EDgsWQRI9j k0pXn1ofVmud6C6B14hekBgVaw+rXYBSTVFBpCMda930vMUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0V kQlWmBgbT8WG4K++vE46ddf3XP+hUWveFnGU4QzO4RJ8uIYm3EML2kBgAs/wCm+OcF6cd+dj2VpyiplT+APn8we+o41f</latexit>
 0.1
<latexit sha1_base64="VvAeQ3NbYmQlUCOIz3Nq3NhjZMg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69B IvgxbIrgh6LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmw uXXh1f1CteXVvDrxK/ILUoEBzUP3qD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5rTN85pQhjmLtSlk8V39PZEQaM5Wh65TEjs2yl4v/eb3URjdBxlWSWqboYlGUCmxjnD+Oh1wzasXUEUI1d7di OiaaUOviqbgQ/OWXV0n7su67xB6uao3bIo4ynMApnIMP19CAe2hCCyiM4Rle4Q1J9ILe0ceitYSKmWP4A/T5A70fjV4=</latexit><latexit sha1_base64="VvAeQ3NbYmQlUCOIz3Nq3NhjZMg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69B IvgxbIrgh6LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmw uXXh1f1CteXVvDrxK/ILUoEBzUP3qD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5rTN85pQhjmLtSlk8V39PZEQaM5Wh65TEjs2yl4v/eb3URjdBxlWSWqboYlGUCmxjnD+Oh1wzasXUEUI1d7di OiaaUOviqbgQ/OWXV0n7su67xB6uao3bIo4ynMApnIMP19CAe2hCCyiM4Rle4Q1J9ILe0ceitYSKmWP4A/T5A70fjV4=</latexit><latexit sha1_base64="VvAeQ3NbYmQlUCOIz3Nq3NhjZMg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69B IvgxbIrgh6LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmw uXXh1f1CteXVvDrxK/ILUoEBzUP3qD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5rTN85pQhjmLtSlk8V39PZEQaM5Wh65TEjs2yl4v/eb3URjdBxlWSWqboYlGUCmxjnD+Oh1wzasXUEUI1d7di OiaaUOviqbgQ/OWXV0n7su67xB6uao3bIo4ynMApnIMP19CAe2hCCyiM4Rle4Q1J9ILe0ceitYSKmWP4A/T5A70fjV4=</latexit><latexit sha1_base64="VvAeQ3NbYmQlUCOIz3Nq3NhjZMg=">AAAB63icbVBNSwMxEJ3Ur1q/qh69B IvgxbIrgh6LXjxWsB/QLiWbZtvQJLskWaEs/QtePCji1T/kzX9jtt2Dtj4YeLw3w8y8MBHcWM/7RqW19Y3NrfJ2ZWd3b/+genjUNnGqKWvRWMS6GxLDBFesZbkVrJtoRmQoWCec3OV+54lpw2P1aKcJCyQZKR5xSmw uXXh1f1CteXVvDrxK/ILUoEBzUP3qD2OaSqYsFcSYnu8lNsiItpwKNqv0U8MSQidkxHqOKiKZCbL5rTN85pQhjmLtSlk8V39PZEQaM5Wh65TEjs2yl4v/eb3URjdBxlWSWqboYlGUCmxjnD+Oh1wzasXUEUI1d7di OiaaUOviqbgQ/OWXV0n7su67xB6uao3bIo4ynMApnIMP19CAe2hCCyiM4Rle4Q1J9ILe0ceitYSKmWP4A/T5A70fjV4=</latexit>
0.0
<latexit sha1_base64="kxlXsl02JY+2IHxFwjdMGtAFGM4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69L BbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ92ebw3w8y8MBVcG8/7dkpr6xubW+Xtys7u3v6Be3jU0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+H4dua3n1BpnshHM0kxiOlQ8ogzaqz 04NW8vlu1/xxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+X3VKzqwyIFGi7JOGzNXfHTmNtZ7Eoa2MqRnpZW8m/ud1MxNdBzmXaWZQssWgKBPEJGR2NxlwhcyIiSWUKW53JWxE FWXGplOxIfjLJ6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgyE8wyu8OcJ5cd6dj0VpySl6juEPnM8fUfiNJg==</latexit><latexit sha1_base64="kxlXsl02JY+2IHxFwjdMGtAFGM4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69L BbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ92ebw3w8y8MBVcG8/7dkpr6xubW+Xtys7u3v6Be3jU0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+H4dua3n1BpnshHM0kxiOlQ8ogzaqz 04NW8vlu1/xxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+X3VKzqwyIFGi7JOGzNXfHTmNtZ7Eoa2MqRnpZW8m/ud1MxNdBzmXaWZQssWgKBPEJGR2NxlwhcyIiSWUKW53JWxE FWXGplOxIfjLJ6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgyE8wyu8OcJ5cd6dj0VpySl6juEPnM8fUfiNJg==</latexit><latexit sha1_base64="kxlXsl02JY+2IHxFwjdMGtAFGM4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69L BbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ92ebw3w8y8MBVcG8/7dkpr6xubW+Xtys7u3v6Be3jU0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+H4dua3n1BpnshHM0kxiOlQ8ogzaqz 04NW8vlu1/xxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+X3VKzqwyIFGi7JOGzNXfHTmNtZ7Eoa2MqRnpZW8m/ud1MxNdBzmXaWZQssWgKBPEJGR2NxlwhcyIiSWUKW53JWxE FWXGplOxIfjLJ6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgyE8wyu8OcJ5cd6dj0VpySl6juEPnM8fUfiNJg==</latexit><latexit sha1_base64="kxlXsl02JY+2IHxFwjdMGtAFGM4=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69L BbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ92ebw3w8y8MBVcG8/7dkpr6xubW+Xtys7u3v6Be3jU0kmmGDZZIhLVCalGwSU2DTcCO6lCGocC2+H4dua3n1BpnshHM0kxiOlQ8ogzaqz 04NW8vlu1/xxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+X3VKzqwyIFGi7JOGzNXfHTmNtZ7Eoa2MqRnpZW8m/ud1MxNdBzmXaWZQssWgKBPEJGR2NxlwhcyIiSWUKW53JWxE FWXGplOxIfjLJ6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgyE8wyu8OcJ5cd6dj0VpySl6juEPnM8fUfiNJg==</latexit>
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(a)
<latexit sha 1_base64="lBq3IiMeA9Wfw JgzSgup6dkrfN4=">AAACY3i cbVHbahRBEO2deIkbL5voky I0JsIG4jK7BrLzFvBFRCRBN wnsLKGnp2a3SV+G7hrXYZgv EF/1g/wKP8B3P8Ge2UW8FTR9 OFWnq+p0kkvhMAy/dYKNa9d v3Ny81d26fefuvd72zpkzhe Uw4UYae5EwB1JomKBACRe5B aYSCefJ1Ysmf/4erBNGv8My h5licy0ywRl66m2f7V/2dsNB 2Ab9FwzXYPe4d/rj6+uHH08 utzuv4tTwQoFGLplz02GY46 xiFgWXUHfjwkHO+BWbw9RDz RS4WdXOWtOnnklpZqw/GmnL/ q6omHKuVImvVAwX7u9cQx4k 6n/paYHZeFYJnRcImq96ZYW kaGizO02FBY6y9IBxK/y4lC +YZRy9Q91Yw5IbpZhOqzhN6y o2jXOAVYzwASsao9Al3YslZ GjFfIHMWrPcq2vf6Q0s6Vrc LpeWLPXP+zmcsY72Ez/iktn 0mU82N221+93W/SiKxtERbUE 0Hq3A+HD0y/2z0WD4fDA69d 8QklVskkfkCemTITkix+QlO SETwsmcfCKfyZfO92Ar2Ake rEqDzlpzn/wRweOflcW8mA= =</latexit>
(d)
<latexit sha 1_base64="w5I6wIiugGCDM vtvk9ro4vbpeQ0=">AAACY3i cbVHbahRBEO2deIkbL5voky I0JsIG4jK7BrLzFvBFRCRBN wnsLKGnp2a3SV+G7hrXYZgv EF/1g/wKP8B3P8Ge2UW8FTR9 OFWnq+p0kkvhMAy/dYKNa9d v3Ny81d26fefuvd72zpkzhe Uw4UYae5EwB1JomKBACRe5B aYSCefJ1Ysmf/4erBNGv8My h5licy0ywRl66m0/3b/s7YaD sA36Lxiuwe5x7/TH19cPP55 cbndexanhhQKNXDLnpsMwx1 nFLAouoe7GhYOc8Ss2h6mHm ilws6qdtaZPPZPSzFh/NNKW/ V1RMeVcqRJfqRgu3N+5hjxI 1P/S0wKz8awSOi8QNF/1ygp J0dBmd5oKCxxl6QHjVvhxKV 8wyzh6h7qxhiU3SjGdVnGa1l VsGucAqxjhA1Y0RqFLuhdLy NCK+QKZtWa5V9e+0xtY0rW4 XS4tWeqf93M4Yx3tJ37EJbP pM59sbtpq97ut+1EUjaMj2oJ oPFqB8eHol/tno8Hw+WB06r 8hJKvYJI/IE9InQ3JEjslLc kImhJM5+UQ+ky+d78FWsBM8 WJUGnbXmPvkjgsc/AZu/vJs =</latexit>
(g)
<latexit sha 1_base64="gnMdruR5BzZZ6 zRSr7grJpQo5wY=">AAACY3i cbVHbahRBEO2deIkbL5voky I0JsIG4jK7BrLzFvBFRCRBN wnsLKGnp2a2SV+G7hrXZZgv EF/1g/wKP8B3P8Ge2UW8FTR9 OFWnq+p0UkjhMAy/dYKNa9d v3Ny81d26fefuvd72zpkzpe Uw4UYae5EwB1JomKBACReFB aYSCefJ1Ysmf/4erBNGv8Nl ATPFci0ywRl66m0/37/s7YaD sA36Lxiuwe5x7/TH19cPP55 cbndexanhpQKNXDLnpsOwwF nFLAouoe7GpYOC8SuWw9RDz RS4WdXOWtOnnklpZqw/GmnL/ q6omHJuqRJfqRjO3d+5hjxI 1P/S0xKz8awSuigRNF/1ykp J0dBmd5oKCxzl0gPGrfDjUj 5nlnH0DnVjDQtulGI6reI0ra vYNM4BVjHCB6xojEIv6V4sI UMr8jkya81ir659pzewoGtx u1y6ZKl/3s/hjHW0n/gRF8y mz3yyuWmr3e+27kdRNI6OaAu i8WgFxoejX+6fjQbD54PRqf +GkKxikzwiT0ifDMkROSYvy QmZEE5y8ol8Jl8634OtYCd4 sCoNOmvNffJHBI9/AqG5vJ4 =</latexit>
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2
<latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit>
⌘¯
<latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit>
N o
 ¯
2
<latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit>
⌘¯
<latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit>
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<latexit sha1_base64="uL/vC3PjJnwZQbE9c1t5wBbbTus=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV 1b3yhulra2d3b3yvsHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDv1W09UaRbLBzNOaCDwQLKIEWys5J+71dplr1xxq+4MaJl4OalAjkav/NXtxyQVVBrCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLNjJ+jEKn0UxcqWNGim/p7IsNB6LMKzUNhmgc1QL9pT8T+vk5roOsiYTFJDJZnvilKOTIymz6M+U5QYPrYEE8XsuYgMscLE2IhKNgdv8etl0qxVPbfq3V9U6jd5IkU4gmM4BQ+uoA530AAfCDB4hld4cx6dF+fd+Zi3F px85hD+wPn8ARvqjqs=</latexit><latexit sha1_base64="uL/vC3PjJnwZQbE9c1t5wBbbTus=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV 1b3yhulra2d3b3yvsHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDv1W09UaRbLBzNOaCDwQLKIEWys5J+71dplr1xxq+4MaJl4OalAjkav/NXtxyQVVBrCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLNjJ+jEKn0UxcqWNGim/p7IsNB6LMKzUNhmgc1QL9pT8T+vk5roOsiYTFJDJZnvilKOTIymz6M+U5QYPrYEE8XsuYgMscLE2IhKNgdv8etl0qxVPbfq3V9U6jd5IkU4gmM4BQ+uoA530AAfCDB4hld4cx6dF+fd+Zi3F px85hD+wPn8ARvqjqs=</latexit><latexit sha1_base64="uL/vC3PjJnwZQbE9c1t5wBbbTus=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV 1b3yhulra2d3b3yvsHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDv1W09UaRbLBzNOaCDwQLKIEWys5J+71dplr1xxq+4MaJl4OalAjkav/NXtxyQVVBrCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLNjJ+jEKn0UxcqWNGim/p7IsNB6LMKzUNhmgc1QL9pT8T+vk5roOsiYTFJDJZnvilKOTIymz6M+U5QYPrYEE8XsuYgMscLE2IhKNgdv8etl0qxVPbfq3V9U6jd5IkU4gmM4BQ+uoA530AAfCDB4hld4cx6dF+fd+Zi3F px85hD+wPn8ARvqjqs=</latexit><latexit sha1_base64="uL/vC3PjJnwZQbE9c1t5wBbbTus=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV 1b3yhulra2d3b3yvsHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDv1W09UaRbLBzNOaCDwQLKIEWys5J+71dplr1xxq+4MaJl4OalAjkav/NXtxyQVVBrCsdYdz01MkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLNjJ+jEKn0UxcqWNGim/p7IsNB6LMKzUNhmgc1QL9pT8T+vk5roOsiYTFJDJZnvilKOTIymz6M+U5QYPrYEE8XsuYgMscLE2IhKNgdv8etl0qxVPbfq3V9U6jd5IkU4gmM4BQ+uoA530AAfCDB4hld4cx6dF+fd+Zi3F px85hD+wPn8ARvqjqs=</latexit>
 0.20
<latexit sha1_base64="ZI3Zo2gcAjqBp6vzGJuWh+XgFvs=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8aNgUQY9FLx4rmLbQhrLZbtqlu5u4uxFK6G/wqF7Eqz/Ig//GbZuDtj4YeLw3w8y8KOVMG4S+nZXVtf WNzdJWeXtnd2+/cnDY1EmmCA1IwhPVjrCmnEkaGGY4baeKYhFx2opGt1O/9USVZol8MOOUhgIPJIsZwcZKwQXyaqhXqSIPzeAuE78gVSjQ6FW+uv2EZIJKQzjWuuOj1IQ5VoYRTiflbqZpiskID2jHUokF1WE+O3binlql78aJsiWNO1N/T+RYaD0W0XkkbLPAZqgX7an4n9fJTHwd5kymmaGSzHfFGXdN4k6fd/tMUWL42BJMFLPnumSIFSbGRlS2OfiLXy+TZs3zkeffX1brN0UiJTiGEzgDH66gDnfQgAAIMHiGV3hzHp0X5935mLeuO MXMEfyB8/kDFEeOpg==</latexit><latexit sha1_base64="ZI3Zo2gcAjqBp6vzGJuWh+XgFvs=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8aNgUQY9FLx4rmLbQhrLZbtqlu5u4uxFK6G/wqF7Eqz/Ig//GbZuDtj4YeLw3w8y8KOVMG4S+nZXVtf WNzdJWeXtnd2+/cnDY1EmmCA1IwhPVjrCmnEkaGGY4baeKYhFx2opGt1O/9USVZol8MOOUhgIPJIsZwcZKwQXyaqhXqSIPzeAuE78gVSjQ6FW+uv2EZIJKQzjWuuOj1IQ5VoYRTiflbqZpiskID2jHUokF1WE+O3binlql78aJsiWNO1N/T+RYaD0W0XkkbLPAZqgX7an4n9fJTHwd5kymmaGSzHfFGXdN4k6fd/tMUWL42BJMFLPnumSIFSbGRlS2OfiLXy+TZs3zkeffX1brN0UiJTiGEzgDH66gDnfQgAAIMHiGV3hzHp0X5935mLeuO MXMEfyB8/kDFEeOpg==</latexit><latexit sha1_base64="ZI3Zo2gcAjqBp6vzGJuWh+XgFvs=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8aNgUQY9FLx4rmLbQhrLZbtqlu5u4uxFK6G/wqF7Eqz/Ig//GbZuDtj4YeLw3w8y8KOVMG4S+nZXVtf WNzdJWeXtnd2+/cnDY1EmmCA1IwhPVjrCmnEkaGGY4baeKYhFx2opGt1O/9USVZol8MOOUhgIPJIsZwcZKwQXyaqhXqSIPzeAuE78gVSjQ6FW+uv2EZIJKQzjWuuOj1IQ5VoYRTiflbqZpiskID2jHUokF1WE+O3binlql78aJsiWNO1N/T+RYaD0W0XkkbLPAZqgX7an4n9fJTHwd5kymmaGSzHfFGXdN4k6fd/tMUWL42BJMFLPnumSIFSbGRlS2OfiLXy+TZs3zkeffX1brN0UiJTiGEzgDH66gDnfQgAAIMHiGV3hzHp0X5935mLeuO MXMEfyB8/kDFEeOpg==</latexit><latexit sha1_base64="ZI3Zo2gcAjqBp6vzGJuWh+XgFvs=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8aNgUQY9FLx4rmLbQhrLZbtqlu5u4uxFK6G/wqF7Eqz/Ig//GbZuDtj4YeLw3w8y8KOVMG4S+nZXVtf WNzdJWeXtnd2+/cnDY1EmmCA1IwhPVjrCmnEkaGGY4baeKYhFx2opGt1O/9USVZol8MOOUhgIPJIsZwcZKwQXyaqhXqSIPzeAuE78gVSjQ6FW+uv2EZIJKQzjWuuOj1IQ5VoYRTiflbqZpiskID2jHUokF1WE+O3binlql78aJsiWNO1N/T+RYaD0W0XkkbLPAZqgX7an4n9fJTHwd5kymmaGSzHfFGXdN4k6fd/tMUWL42BJMFLPnumSIFSbGRlS2OfiLXy+TZs3zkeffX1brN0UiJTiGEzgDH66gDnfQgAAIMHiGV3hzHp0X5935mLeuO MXMEfyB8/kDFEeOpg==</latexit>
 0.15
<latexit sha1_base64="7hoCnezqDkjUwCOWi3YQ4AR32JA=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV 1b3yhulra2d3b3yvsHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDv1W09UaRbLBzNOaCDwQLKIEWys5J+7Ve+yV664VXcGtEy8nFQgR6NX/ur2Y5IKKg3hWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5ZKLKgOstmxE3RilT6KYmVLGjRTf09kWGg9FuFZKGyzwGaoF+2p+J/XSU10HWRMJqmhksx3RSlHJkbT51GfKUoMH1uCiWL2XESGWGFibEQlm4O3+PUyadaqnk3t/qJSv8kTKcIRHMMpeHAFdbiDBvhAgMEzvMKb8+i8OO/Ox7y14 OQzh/AHzucPGmKOqg==</latexit><latexit sha1_base64="7hoCnezqDkjUwCOWi3YQ4AR32JA=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV 1b3yhulra2d3b3yvsHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDv1W09UaRbLBzNOaCDwQLKIEWys5J+7Ve+yV664VXcGtEy8nFQgR6NX/ur2Y5IKKg3hWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5ZKLKgOstmxE3RilT6KYmVLGjRTf09kWGg9FuFZKGyzwGaoF+2p+J/XSU10HWRMJqmhksx3RSlHJkbT51GfKUoMH1uCiWL2XESGWGFibEQlm4O3+PUyadaqnk3t/qJSv8kTKcIRHMMpeHAFdbiDBvhAgMEzvMKb8+i8OO/Ox7y14 OQzh/AHzucPGmKOqg==</latexit><latexit sha1_base64="7hoCnezqDkjUwCOWi3YQ4AR32JA=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV 1b3yhulra2d3b3yvsHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDv1W09UaRbLBzNOaCDwQLKIEWys5J+7Ve+yV664VXcGtEy8nFQgR6NX/ur2Y5IKKg3hWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5ZKLKgOstmxE3RilT6KYmVLGjRTf09kWGg9FuFZKGyzwGaoF+2p+J/XSU10HWRMJqmhksx3RSlHJkbT51GfKUoMH1uCiWL2XESGWGFibEQlm4O3+PUyadaqnk3t/qJSv8kTKcIRHMMpeHAFdbiDBvhAgMEzvMKb8+i8OO/Ox7y14 OQzh/AHzucPGmKOqg==</latexit><latexit sha1_base64="7hoCnezqDkjUwCOWi3YQ4AR32JA=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV 1b3yhulra2d3b3yvsHTR2nilCfxDxW7RBrypmkvmGG03aiKBYhp61wdDv1W09UaRbLBzNOaCDwQLKIEWys5J+7Ve+yV664VXcGtEy8nFQgR6NX/ur2Y5IKKg3hWOuO5yYmyLAyjHA6KXVTTRNMRnhAO5ZKLKgOstmxE3RilT6KYmVLGjRTf09kWGg9FuFZKGyzwGaoF+2p+J/XSU10HWRMJqmhksx3RSlHJkbT51GfKUoMH1uCiWL2XESGWGFibEQlm4O3+PUyadaqnk3t/qJSv8kTKcIRHMMpeHAFdbiDBvhAgMEzvMKb8+i8OO/Ox7y14 OQzh/AHzucPGmKOqg==</latexit>
 0.10
<latexit sha1_base64="m32yCMB9YTwtxHY66PU6i/lp7b8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5ZEBD0WvXisYNpCG8pmu2mX7m7i7kYoob/Bo3oRr/4gD/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK 6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vs399hNVmsXywUwSGgg8lCxiBBsr+edu3XP71Zpbd2dAy8QrSA0KNPvVr94gJqmg0hCOte56bmKCDCvDCKfTSi/VNMFkjIe0a6nEguogmx07RSdWGaAoVrakQTP190SGhdYTEZ6FwjYLbEZ60c7F/7xuaqLrIGMySQ2VZL4rSjkyMcqfRwOmKDF8YgkmitlzERlhhYmxEVVsDt7i18ukdWEjq3v3l7XGTZFIGY7gGE7BgytowB00wQcCDJ7hFd6cR+fFeXc+5q0lp 5g5hD9wPn8AEr+OpQ==</latexit><latexit sha1_base64="m32yCMB9YTwtxHY66PU6i/lp7b8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5ZEBD0WvXisYNpCG8pmu2mX7m7i7kYoob/Bo3oRr/4gD/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK 6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vs399hNVmsXywUwSGgg8lCxiBBsr+edu3XP71Zpbd2dAy8QrSA0KNPvVr94gJqmg0hCOte56bmKCDCvDCKfTSi/VNMFkjIe0a6nEguogmx07RSdWGaAoVrakQTP190SGhdYTEZ6FwjYLbEZ60c7F/7xuaqLrIGMySQ2VZL4rSjkyMcqfRwOmKDF8YgkmitlzERlhhYmxEVVsDt7i18ukdWEjq3v3l7XGTZFIGY7gGE7BgytowB00wQcCDJ7hFd6cR+fFeXc+5q0lp 5g5hD9wPn8AEr+OpQ==</latexit><latexit sha1_base64="m32yCMB9YTwtxHY66PU6i/lp7b8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5ZEBD0WvXisYNpCG8pmu2mX7m7i7kYoob/Bo3oRr/4gD/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK 6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vs399hNVmsXywUwSGgg8lCxiBBsr+edu3XP71Zpbd2dAy8QrSA0KNPvVr94gJqmg0hCOte56bmKCDCvDCKfTSi/VNMFkjIe0a6nEguogmx07RSdWGaAoVrakQTP190SGhdYTEZ6FwjYLbEZ60c7F/7xuaqLrIGMySQ2VZL4rSjkyMcqfRwOmKDF8YgkmitlzERlhhYmxEVVsDt7i18ukdWEjq3v3l7XGTZFIGY7gGE7BgytowB00wQcCDJ7hFd6cR+fFeXc+5q0lp 5g5hD9wPn8AEr+OpQ==</latexit><latexit sha1_base64="m32yCMB9YTwtxHY66PU6i/lp7b8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5ZEBD0WvXisYNpCG8pmu2mX7m7i7kYoob/Bo3oRr/4gD/4bN20O2vpg4PHeDDPzwoQzbVz32ymtrK 6tb5Q3K1vbO7t71f2Dlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vs399hNVmsXywUwSGgg8lCxiBBsr+edu3XP71Zpbd2dAy8QrSA0KNPvVr94gJqmg0hCOte56bmKCDCvDCKfTSi/VNMFkjIe0a6nEguogmx07RSdWGaAoVrakQTP190SGhdYTEZ6FwjYLbEZ60c7F/7xuaqLrIGMySQ2VZL4rSjkyMcqfRwOmKDF8YgkmitlzERlhhYmxEVVsDt7i18ukdWEjq3v3l7XGTZFIGY7gGE7BgytowB00wQcCDJ7hFd6cR+fFeXc+5q0lp 5g5hD9wPn8AEr+OpQ==</latexit>
 0.05
<latexit sha1_base64="XW924D8IWvBjbKdvraEyjLYuyEY=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZc0fXlvJjPzwoQzbVz32ymsrK 6tbxQ3S1vbO7t75f2Dpo5TRahPYh6rdog15UxS3zDDaTtRFIuQ01Y4up36rSeqNIvlgxknNBB4IFnECDZW8s/dqnvZK1fsNwNaJl5OKpCj0St/dfsxSQWVhnCsdcdzExNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZbNkJOrFKH0Wxsk8aNFN/d2RYaD0W4VkobLHAZqgX7an4n9dJTXQdZEwmqaGSzGdFKUcmRtPjUZ8pSgwfW4KJYnZdRIZYYWJsRCWbg7d49TJp1qqeW/XuLyr1mzyRIhzBMZyCB1dQhztogA8EGDzDK7w5j86L8+58zEsLT t5zCH/gfP4AGNqOqQ==</latexit><latexit sha1_base64="XW924D8IWvBjbKdvraEyjLYuyEY=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZc0fXlvJjPzwoQzbVz32ymsrK 6tbxQ3S1vbO7t75f2Dpo5TRahPYh6rdog15UxS3zDDaTtRFIuQ01Y4up36rSeqNIvlgxknNBB4IFnECDZW8s/dqnvZK1fsNwNaJl5OKpCj0St/dfsxSQWVhnCsdcdzExNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZbNkJOrFKH0Wxsk8aNFN/d2RYaD0W4VkobLHAZqgX7an4n9dJTXQdZEwmqaGSzGdFKUcmRtPjUZ8pSgwfW4KJYnZdRIZYYWJsRCWbg7d49TJp1qqeW/XuLyr1mzyRIhzBMZyCB1dQhztogA8EGDzDK7w5j86L8+58zEsLT t5zCH/gfP4AGNqOqQ==</latexit><latexit sha1_base64="XW924D8IWvBjbKdvraEyjLYuyEY=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZc0fXlvJjPzwoQzbVz32ymsrK 6tbxQ3S1vbO7t75f2Dpo5TRahPYh6rdog15UxS3zDDaTtRFIuQ01Y4up36rSeqNIvlgxknNBB4IFnECDZW8s/dqnvZK1fsNwNaJl5OKpCj0St/dfsxSQWVhnCsdcdzExNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZbNkJOrFKH0Wxsk8aNFN/d2RYaD0W4VkobLHAZqgX7an4n9dJTXQdZEwmqaGSzGdFKUcmRtPjUZ8pSgwfW4KJYnZdRIZYYWJsRCWbg7d49TJp1qqeW/XuLyr1mzyRIhzBMZyCB1dQhztogA8EGDzDK7w5j86L8+58zEsLT t5zCH/gfP4AGNqOqQ==</latexit><latexit sha1_base64="XW924D8IWvBjbKdvraEyjLYuyEY=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiQcku0eiR6MUjJi6QwIZ0Sxca2u7adk3Iht/gUb0Yr/4gD/4bC+xBwZc0fXlvJjPzwoQzbVz32ymsrK 6tbxQ3S1vbO7t75f2Dpo5TRahPYh6rdog15UxS3zDDaTtRFIuQ01Y4up36rSeqNIvlgxknNBB4IFnECDZW8s/dqnvZK1fsNwNaJl5OKpCj0St/dfsxSQWVhnCsdcdzExNkWBlGOJ2UuqmmCSYjPKAdSyUWVAfZbNkJOrFKH0Wxsk8aNFN/d2RYaD0W4VkobLHAZqgX7an4n9dJTXQdZEwmqaGSzGdFKUcmRtPjUZ8pSgwfW4KJYnZdRIZYYWJsRCWbg7d49TJp1qqeW/XuLyr1mzyRIhzBMZyCB1dQhztogA8EGDzDK7w5j86L8+58zEsLT t5zCH/gfP4AGNqOqQ==</latexit>
0.00
<latexit sha1_base64="DDCvpqtoinWRCbrovxSlbklVxOA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgQkpGBF0W3bisYB/QDiWTZtrQJDMkGaEM/QWX6kbc+kMu/Bsz7Sy09UDI4Zx7ufeeMBHcWIy/vdLa+s bmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaXcB3jQbWWfznQKvELUoMCzUH1qz+MaSqZslQQY3o+TmyQEW05FWxW6aeGJYROyIj1HFVEMhNk811n6MwpQxTF2j1l0Vz93ZERacxUhhehdMWS2LFZtnPxP6+X2ugmyLhKUssUXcyKUoFsjPLb0ZBrRq2YOkKo5m5dRMdEE2pdQhWXg7989SppX9Z9XPcfrmqN2yKRMpzAKZyDD9fQgHtoQgsojOEZXuHNS7wX7937WJSWvKLnG P7A+/wBpsyObQ==</latexit><latexit sha1_base64="DDCvpqtoinWRCbrovxSlbklVxOA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgQkpGBF0W3bisYB/QDiWTZtrQJDMkGaEM/QWX6kbc+kMu/Bsz7Sy09UDI4Zx7ufeeMBHcWIy/vdLa+s bmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaXcB3jQbWWfznQKvELUoMCzUH1qz+MaSqZslQQY3o+TmyQEW05FWxW6aeGJYROyIj1HFVEMhNk811n6MwpQxTF2j1l0Vz93ZERacxUhhehdMWS2LFZtnPxP6+X2ugmyLhKUssUXcyKUoFsjPLb0ZBrRq2YOkKo5m5dRMdEE2pdQhWXg7989SppX9Z9XPcfrmqN2yKRMpzAKZyDD9fQgHtoQgsojOEZXuHNS7wX7937WJSWvKLnG P7A+/wBpsyObQ==</latexit><latexit sha1_base64="DDCvpqtoinWRCbrovxSlbklVxOA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgQkpGBF0W3bisYB/QDiWTZtrQJDMkGaEM/QWX6kbc+kMu/Bsz7Sy09UDI4Zx7ufeeMBHcWIy/vdLa+s bmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaXcB3jQbWWfznQKvELUoMCzUH1qz+MaSqZslQQY3o+TmyQEW05FWxW6aeGJYROyIj1HFVEMhNk811n6MwpQxTF2j1l0Vz93ZERacxUhhehdMWS2LFZtnPxP6+X2ugmyLhKUssUXcyKUoFsjPLb0ZBrRq2YOkKo5m5dRMdEE2pdQhWXg7989SppX9Z9XPcfrmqN2yKRMpzAKZyDD9fQgHtoQgsojOEZXuHNS7wX7937WJSWvKLnG P7A+/wBpsyObQ==</latexit><latexit sha1_base64="DDCvpqtoinWRCbrovxSlbklVxOA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgQkpGBF0W3bisYB/QDiWTZtrQJDMkGaEM/QWX6kbc+kMu/Bsz7Sy09UDI4Zx7ufeeMBHcWIy/vdLa+s bmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaXcB3jQbWWfznQKvELUoMCzUH1qz+MaSqZslQQY3o+TmyQEW05FWxW6aeGJYROyIj1HFVEMhNk811n6MwpQxTF2j1l0Vz93ZERacxUhhehdMWS2LFZtnPxP6+X2ugmyLhKUssUXcyKUoFsjPLb0ZBrRq2YOkKo5m5dRMdEE2pdQhWXg7989SppX9Z9XPcfrmqN2yKRMpzAKZyDD9fQgHtoQgsojOEZXuHNS7wX7937WJSWvKLnG P7A+/wBpsyObQ==</latexit>
sz
<latexit sha1_base64="b9YGgE2yK paYvU0wzpdljWN4Pj0=">AAACY3icbVHbahRBEO2deEk2XnLRJxEaEyFCXGZ XITtvAV/EB4noJoGdZenpqdlt0pehu8Z1HOYT8mq+x58QfPLJ79Ce2UW8FTR 9OFWnq+p0kkvhMAy/doK1a9dv3Fzf6G7eun3n7tb2zqkzheUw4kYae54wB1J oGKFACee5BaYSCWfJxYsmf/YerBNGv8Myh4liMy0ywRl66q2bfpxu7YW9sA3 6L+ivwN7x2pcfn+9/g5PpdudVnBpeKNDIJXNu3A9znFTMouAS6m5cOMgZv2A zGHuomQI3qdpZa/rYMynNjPVHI23Z3xUVU86VKvGViuHc/Z1ryMNE/S89LjA bTiqh8wJB82WvrJAUDW12p6mwwFGWHjBuhR+X8jmzjKN3qBtrWHCjFNNpFadp XcWmcQ6wihE+YEVjFLqk+7GEDK2YzZFZaxb7de07vYYFXYnb5dKSpf55P4cz 1tGDxI+4YDZ96pPNTVvtk27rfhRFw+iItiAaDpZg+Hzwy/3TQa//rDd4478h JMtYJw/II3JA+uSIHJOX5ISMCCczckk+kavO92Az2AnuLUuDzkqzS/6I4OFP d0a+Hw==</latexit>
N o
 ¯
2
<latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit><latexit sha1_base64="XHcUJ98zmNQx30JqEbN+q5BHJXs=">AAACBnicbVDLSgMxFM3UV62vqjvdBIvgQspMEXRZdONKKtgHdOpwJ5O2oUlmSDJCGQou/RKX6kbc+hMu/BvTx0JbDwQO59zDzT1hwpk2rvvt5JaWV1bX8uuFjc2t7Z3i7l5Dx6kitE5iHqtWCJpyJmndMMNpK1EURMhpMxxcjf3mA1WaxfLODBPaEdCTrMsIGCsFxYPMJ8DxzSiI/VD4ISif23QE95WgWHLL7gR4kXgzUkIz1ILilx/FJBVUGsJB67bnJqaTgTKMcDoq+KmmCZAB9GjbUgmC6k42uWGEj60S4W6s7JMGT9TfiQyE1kMRnobCDgswfT1vj8X/vHZquhedjMkkNVSS6a5uyrGJ8bgTHDFFieFDS4AoZr+LSR8UEGObK9gevPmrF0mjUvbcsnd7VqpezhrJo0N0hE6Qh85RFV2jGqojgh7RM3pFb86T8+K8Ox/T0Zwzy+yjP3A+fwCZ1ZiF</latexit>
⌘¯
<latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit><latexit sha1_base64="uHRUMqSbzaaeo5HQThdl4Efvb9s=">AAAB9XicbVBNSwMxEM3Wr 1q/qh69BIvgQcquCHosevFYwdZCdylJOtuGJtklySpl6c/wqF7Eq7/Gg//GtN2Dtj4YeLw3w8w8mgpurO9/e6WV1bX1jfJmZWt7Z3evun/QNkmmGbRYIhLdocSA4ApallsBnVQDkVTAAx3dTP 2HR9CGJ+rejlOIJBkoHnNGrJO6IZUhJToES3rVml/3Z8DLJChIDRVo9qpfYT9hmQRlmSDGdAM/tVFOtOVMwKQSZgZSwkZkAF1HFZFgonx28gSfOKWP40S7UhbP1N8TOZHGjCU9o9I1S2KHZtGe iv953czGV1HOVZpZUGy+K84EtgmeRoD7XAOzYuwIYZq7czEbEk2YdUFVXA7B4tfLpH1eD/x6cHdRa1wXiZTRETpGpyhAl6iBblETtRBDCXpGr+jNe/JevHfvY95a8oqZQ/QH3ucPNQuSRw==< /latexit>
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<latexit sha1_base64="12mACkL4tSQGk2lOt9wRf8ICogg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2Fpol5JN0zY0yS7JrFCW/gUvHhTx6h/y5r8x2+5BWx8kPN6bYWZelEhh0fe/vdLa+s bmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLxK/7/WrN/XOQVRIUpAYFmv3qV28Qs1RxjUxSa7uBn2CYUYOCST6r9FLLE8omdMS7jmqquA2z+a4zcuaUARnGxj2NZK7+7siosnaqIlepKI7tspeL/3ndFIfXYSZ0kiLXbDFomEqCMckPJwNhOEM5dYQyI9yuhI2poQxdPBUXQrB88ippX9QDvx7cX9YaN0UcZTiBUziHAK6gAXfQhBYwGMMzvMKbp7wX7937WJSWvKLnGP7A+ /wBp8CNUA==</latexit><latexit sha1_base64="12mACkL4tSQGk2lOt9wRf8ICogg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2Fpol5JN0zY0yS7JrFCW/gUvHhTx6h/y5r8x2+5BWx8kPN6bYWZelEhh0fe/vdLa+s bmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLxK/7/WrN/XOQVRIUpAYFmv3qV28Qs1RxjUxSa7uBn2CYUYOCST6r9FLLE8omdMS7jmqquA2z+a4zcuaUARnGxj2NZK7+7siosnaqIlepKI7tspeL/3ndFIfXYSZ0kiLXbDFomEqCMckPJwNhOEM5dYQyI9yuhI2poQxdPBUXQrB88ippX9QDvx7cX9YaN0UcZTiBUziHAK6gAXfQhBYwGMMzvMKbp7wX7937WJSWvKLnGP7A+ /wBp8CNUA==</latexit><latexit sha1_base64="12mACkL4tSQGk2lOt9wRf8ICogg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2Fpol5JN0zY0yS7JrFCW/gUvHhTx6h/y5r8x2+5BWx8kPN6bYWZelEhh0fe/vdLa+s bmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLxK/7/WrN/XOQVRIUpAYFmv3qV28Qs1RxjUxSa7uBn2CYUYOCST6r9FLLE8omdMS7jmqquA2z+a4zcuaUARnGxj2NZK7+7siosnaqIlepKI7tspeL/3ndFIfXYSZ0kiLXbDFomEqCMckPJwNhOEM5dYQyI9yuhI2poQxdPBUXQrB88ippX9QDvx7cX9YaN0UcZTiBUziHAK6gAXfQhBYwGMMzvMKbp7wX7937WJSWvKLnGP7A+ /wBp8CNUA==</latexit><latexit sha1_base64="12mACkL4tSQGk2lOt9wRf8ICogg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2Fpol5JN0zY0yS7JrFCW/gUvHhTx6h/y5r8x2+5BWx8kPN6bYWZelEhh0fe/vdLa+s bmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLxK/7/WrN/XOQVRIUpAYFmv3qV28Qs1RxjUxSa7uBn2CYUYOCST6r9FLLE8omdMS7jmqquA2z+a4zcuaUARnGxj2NZK7+7siosnaqIlepKI7tspeL/3ndFIfXYSZ0kiLXbDFomEqCMckPJwNhOEM5dYQyI9yuhI2poQxdPBUXQrB88ippX9QDvx7cX9YaN0UcZTiBUziHAK6gAXfQhBYwGMMzvMKbp7wX7937WJSWvKLnGP7A+ /wBp8CNUA==</latexit>
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<latexit sha1_base64="6g53vR4o12E9z6hXRmKHI/GERxQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2Fpol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVtfW Nzq7pd29nd2z+oHx51TJJpyto0EYnuRsQwwRVrW24F66aaERkJ9hhNbgv/8YlpwxP1YKcpCyUZKR5zSmwhocDHg3oD+3gOtEqCkjSgRGtQ/+oPE5pJpiwVxJhegFMb5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGTpzyhDFiXalLJqrvydyIo2Zysh1SmLHZtkrxP+8Xmbj6zDnKs0sU3SxKM4EsgkqHkdDrhm1YuoIoZq7WxEdE02odfHUXAjB8surpHPhB9gP7i8bzZsyjiqcwCmcQwBX0IQ7aEEbKIzhGV7hzZPei/fufSxaK145cwx/4 H3+AKlGjVE=</latexit><latexit sha1_base64="6g53vR4o12E9z6hXRmKHI/GERxQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2Fpol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVtfW Nzq7pd29nd2z+oHx51TJJpyto0EYnuRsQwwRVrW24F66aaERkJ9hhNbgv/8YlpwxP1YKcpCyUZKR5zSmwhocDHg3oD+3gOtEqCkjSgRGtQ/+oPE5pJpiwVxJhegFMb5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGTpzyhDFiXalLJqrvydyIo2Zysh1SmLHZtkrxP+8Xmbj6zDnKs0sU3SxKM4EsgkqHkdDrhm1YuoIoZq7WxEdE02odfHUXAjB8surpHPhB9gP7i8bzZsyjiqcwCmcQwBX0IQ7aEEbKIzhGV7hzZPei/fufSxaK145cwx/4 H3+AKlGjVE=</latexit><latexit sha1_base64="6g53vR4o12E9z6hXRmKHI/GERxQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2Fpol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVtfW Nzq7pd29nd2z+oHx51TJJpyto0EYnuRsQwwRVrW24F66aaERkJ9hhNbgv/8YlpwxP1YKcpCyUZKR5zSmwhocDHg3oD+3gOtEqCkjSgRGtQ/+oPE5pJpiwVxJhegFMb5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGTpzyhDFiXalLJqrvydyIo2Zysh1SmLHZtkrxP+8Xmbj6zDnKs0sU3SxKM4EsgkqHkdDrhm1YuoIoZq7WxEdE02odfHUXAjB8surpHPhB9gP7i8bzZsyjiqcwCmcQwBX0IQ7aEEbKIzhGV7hzZPei/fufSxaK145cwx/4 H3+AKlGjVE=</latexit><latexit sha1_base64="6g53vR4o12E9z6hXRmKHI/GERxQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2Fpol5JNs21okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZelApuLMbfXmVtfW Nzq7pd29nd2z+oHx51TJJpyto0EYnuRsQwwRVrW24F66aaERkJ9hhNbgv/8YlpwxP1YKcpCyUZKR5zSmwhocDHg3oD+3gOtEqCkjSgRGtQ/+oPE5pJpiwVxJhegFMb5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGTpzyhDFiXalLJqrvydyIo2Zysh1SmLHZtkrxP+8Xmbj6zDnKs0sU3SxKM4EsgkqHkdDrhm1YuoIoZq7WxEdE02odfHUXAjB8surpHPhB9gP7i8bzZsyjiqcwCmcQwBX0IQ7aEEbKIzhGV7hzZPei/fufSxaK145cwx/4 H3+AKlGjVE=</latexit>
2.0
<latexit sha1_base64="eZFA3SQ/No0WzqTb0Gdgdw8sLTs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1 vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJtcQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orIFCtMjI2nZkPwV19eJ92m63uu/3DVaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A +fzB6rMjVI=</latexit><latexit sha1_base64="eZFA3SQ/No0WzqTb0Gdgdw8sLTs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1 vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJtcQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orIFCtMjI2nZkPwV19eJ92m63uu/3DVaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A +fzB6rMjVI=</latexit><latexit sha1_base64="eZFA3SQ/No0WzqTb0Gdgdw8sLTs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1 vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJtcQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orIFCtMjI2nZkPwV19eJ92m63uu/3DVaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A +fzB6rMjVI=</latexit><latexit sha1_base64="eZFA3SQ/No0WzqTb0Gdgdw8sLTs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1 vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJtcQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orIFCtMjI2nZkPwV19eJ92m63uu/3DVaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A +fzB6rMjVI=</latexit>
3.0
<latexit sha1_base64="nxs3FteIjZjbME4dnIzWLTGQJ2U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0GPRi8cK9gPaUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZemHCmjed9O5W19Y 3Nrep2bWd3b/+gfnjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3uV+94kqzWL5aGYJDQQeSxYxgk0uoUvXG9YbnusVQKvEL0kDSrSG9a/BKCapoNIQjrXu+15iggwrwwin89og1TTBZIrHtG+pxILqICtunaMzq4xQFCtb0qBC/T2RYaH1TIS2U2Az0cteLv7n9VMT3QQZk0lqqCSLRVHKkYlR/jgaMUWJ4TNLMFHM3orIBCtMjI2nZkPwl19eJZ0L1/dc/+Gq0bwt46jCCZzCOfhwDU24hxa0gcAEnuEV3hzhvDjvzseiteKUM8fwB 87nD6xSjVM=</latexit><latexit sha1_base64="nxs3FteIjZjbME4dnIzWLTGQJ2U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0GPRi8cK9gPaUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZemHCmjed9O5W19Y 3Nrep2bWd3b/+gfnjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3uV+94kqzWL5aGYJDQQeSxYxgk0uoUvXG9YbnusVQKvEL0kDSrSG9a/BKCapoNIQjrXu+15iggwrwwin89og1TTBZIrHtG+pxILqICtunaMzq4xQFCtb0qBC/T2RYaH1TIS2U2Az0cteLv7n9VMT3QQZk0lqqCSLRVHKkYlR/jgaMUWJ4TNLMFHM3orIBCtMjI2nZkPwl19eJZ0L1/dc/+Gq0bwt46jCCZzCOfhwDU24hxa0gcAEnuEV3hzhvDjvzseiteKUM8fwB 87nD6xSjVM=</latexit><latexit sha1_base64="nxs3FteIjZjbME4dnIzWLTGQJ2U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0GPRi8cK9gPaUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZemHCmjed9O5W19Y 3Nrep2bWd3b/+gfnjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3uV+94kqzWL5aGYJDQQeSxYxgk0uoUvXG9YbnusVQKvEL0kDSrSG9a/BKCapoNIQjrXu+15iggwrwwin89og1TTBZIrHtG+pxILqICtunaMzq4xQFCtb0qBC/T2RYaH1TIS2U2Az0cteLv7n9VMT3QQZk0lqqCSLRVHKkYlR/jgaMUWJ4TNLMFHM3orIBCtMjI2nZkPwl19eJZ0L1/dc/+Gq0bwt46jCCZzCOfhwDU24hxa0gcAEnuEV3hzhvDjvzseiteKUM8fwB 87nD6xSjVM=</latexit><latexit sha1_base64="nxs3FteIjZjbME4dnIzWLTGQJ2U=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0hU0GPRi8cK9gPaUDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZemHCmjed9O5W19Y 3Nrep2bWd3b/+gfnjU0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3uV+94kqzWL5aGYJDQQeSxYxgk0uoUvXG9YbnusVQKvEL0kDSrSG9a/BKCapoNIQjrXu+15iggwrwwin89og1TTBZIrHtG+pxILqICtunaMzq4xQFCtb0qBC/T2RYaH1TIS2U2Az0cteLv7n9VMT3QQZk0lqqCSLRVHKkYlR/jgaMUWJ4TNLMFHM3orIBCtMjI2nZkPwl19eJZ0L1/dc/+Gq0bwt46jCCZzCOfhwDU24hxa0gcAEnuEV3hzhvDjvzseiteKUM8fwB 87nD6xSjVM=</latexit>
4.0
<latexit sha1_base64="DXlyXMERJlkOQZleY+YEn7ncSaI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1 vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJtcQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orIFCtMjI2nZkPwV19eJ90r1/dc/6HZaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A +fzB63YjVQ=</latexit><latexit sha1_base64="DXlyXMERJlkOQZleY+YEn7ncSaI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1 vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJtcQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orIFCtMjI2nZkPwV19eJ90r1/dc/6HZaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A +fzB63YjVQ=</latexit><latexit sha1_base64="DXlyXMERJlkOQZleY+YEn7ncSaI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1 vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJtcQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orIFCtMjI2nZkPwV19eJ90r1/dc/6HZaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A +fzB63YjVQ=</latexit><latexit sha1_base64="DXlyXMERJlkOQZleY+YEn7ncSaI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0ikoMeiF48V7Ae0oWy2m3bp7ibsboQS+he8eFDEq3/Im//GTZqDtj4YeLw3w8y8MOFMG8/7diobm1 vbO9Xd2t7+weFR/fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144u8v93hNVmsXy0cwTGgg8kSxiBJtcQk3XG9UbnusVQOvEL0kDSrRH9a/hOCapoNIQjrUe+F5iggwrwwini9ow1TTBZIYndGCpxILqICtuXaALq4xRFCtb0qBC/T2RYaH1XIS2U2Az1ateLv7nDVIT3QQZk0lqqCTLRVHKkYlR/jgaM0WJ4XNLMFHM3orIFCtMjI2nZkPwV19eJ90r1/dc/6HZaN2WcVThDM7hEny4hhbcQxs6QGAKz/AKb45wXpx352PZWnHKmVP4A +fzB63YjVQ=</latexit>
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FIG. 2. (a)-(c): Mean-field phase diagrams marking the normal (NS), superradiant (SR), lasing without inversion (LWI) and
regular lasing (RL) states. (d)-(f) The steady state projection on the QE population inversion sz and (g)-(i) reduced SPCM
population Nsp/No calculated for No = 200 using Eqs. (11)–(17). In the left, central, and right columns do = −0.5,−0.4, 0.5,
respectively. Red [orange] curves designate Noλ¯2s(η) [Noλ¯2l (η)] boundaries. In all calculations Γ¯sp = 0.3, γ↓/ωo = 0.002, and
γφ/ωo = 0.02.
operator pairs. These averages represent a complete set
of second moments of the density operator in the space of
interacting QE-SPCM states as introduced in Sec. II. In
the literature such an approximation is also known as the
maximum entropy two-particle factorization scheme [33]
or the second cumulant approximation [27, 28].
Starting with Eqs. (1)–(3), we derive the following
equations of motion for the SPCM population, Nsp =
〈ψˆ†ψˆ〉, and double coherence, Csp = 〈ψˆψˆ〉,
∂τNsp = −2Γ¯spNsp − 2Noλ¯Im [c−sp + c+sp] (11)
−2Noλ¯η¯Re [c+sp] ,
∂τCsp = −2
(
i+ Γ¯sp
)
Csp − 2iNoλ¯ [c−sp + c+sp] (12)
−2Noλ¯η¯c−sp.
To close the set, equations of motion for the SPCM-QE
coherences, c±sp =
∑
n〈sˆ±ψˆ〉/No,
∂τ c−sp = −
(
2i+ Γ¯sp + Γ¯o
)
c−sp (13)
−iλ¯ [(No − 1)(c+− + c−−)
−2sz (Csp +Nsp) + 1/2− sz]
−λ¯η¯ [(No − 1)c−− − 2szCsp] ,
∂τ c+sp = −
(
Γ¯sp + Γ¯o
)
c+sp (14)
−iλ¯ [(No − 1) (c+− + c∗−−)
+2sz (Csp +Nsp) + 1/2 + sz]
−λ¯η¯ [(No − 1) c+− − 2szNsp + 1/2 + sz] ,
average QE population sz, QE double coherence c−− =∑
n 6=n′〈sˆ−n sˆ−n′〉/(No(No− 1)), and the intersite coherence
c+− =
∑
n 6=n′〈sˆ+n sˆ−n′〉n 6=n′/(No(No − 1)),
∂τsz = −γ¯o (sz − do/2)− 2λ¯Im [c−,sp − c+,sp] (15)
−2λ¯η¯Re [c+sp] ,
∂τ c−− = −2
(
i+ Γ¯o
)
c−− + 4iλ¯sz
[
c−sp + c∗+sp
]
(16)
+4λ¯η¯szc−sp,
∂τ c+− = −2Γ¯oc+− − 4λ¯szIm[c+sp − c−sp] (17)
+4λ¯η¯szRe [c+sp] ,
5are introduced, respectively. Csp, c±sp, and c−− are com-
plex quantities and the associated equations should be
complimented by their complex conjugates.[34]
In the absence of the incoherent pumping, do =
−1/2, Eqs. (11)–(17) describe the relaxation dynamics
of the elementary excitations (introduced as initial con-
ditions) towards the ground state whose projection on the
QE population inversion sz and the SPCM population,
Nsp = 〈ψˆ†ψˆ〉, are shown in panels (d) and (g) of Fig. 2,
respectively. In agreement with the mean-field calcula-
tions, the normal state is characterized by the QE ground
state, snsz = −1/2, and empty plasmonic cavity, Nsp = 0.
However, panels (d) and (g) of Fig. 2 show that presence
of the counter-rotating term, HˆCR = λ
∑
n(ψˆsˆ
−
n +ψˆ
†sˆ+n ),
in the Hamiltonian (1) results in QE and SPCM excita-
tions as the coupling parameters cross the critical bound-
aries. We also observed that above the critical bound-
aries, the coherences entering Eqs. (11)–(17) become non-
zero (not shown in the plot). This is an indication that
the ground state associated with the symmetry breaking
is a correlated state of the QEs and SPCM. Since the
basis of the bare QE and SPCM states is no longer the
eigenbasis, projections of the ground state density matrix
on the QE and SPCE populations show number of vir-
tual excitations present in the ground state. Accordingly,
Eqs. (11)–(17) describe relaxation of the elementary ex-
citations to such a correlated ground state avoiding a
problem of unphysical plasmon generation in the ground
state HˆCR discussed in Ref. [5].
When the energy is incoherently supplied to the QEs,
panels (e), (f) and (h), (i) of Fig. 2 show that still in
agreement with the mean-field theory the normal state
regions are characterized by snsz = do/2 and Nsp = 0,
respectively. Observed variation of sz and a build up
of Nsp within associated instability regions (panels (c),
(d)) indicate the non-equilibrium phase transitions to the
correlated QE-SPCE states. Interestingly, the crossover
region (gray in panel (a), (b)) shows a clear phase bound-
ary with the superradiant state in the associated QE and
SPCM population plots. However, no signature of the
phase boundary with the lasing state without inversion
is seen suggesting that lasing features might be expected
in this region.
IV. PHOTON EMISSION PROPERTIES
Having established the phase diagram, we further ex-
amine photon emission spectra of the identified steady
states. Keeping in mind that the SPCM emission rate
exceeds the same quantity for QEs by orders of magni-
tude, in Appendix D, we use the input-output formal-
ism to connect the photon energy emission spectrum,
S(δω¯), measured by a photo-detector with the Fourier
transformed SPCM operator auto-correlation function.
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<latexit sha1_base64="lBq3IiMeA9Wf wJgzSgup6dkrfN4=">AAACY3icbVHbahRBEO2deIkbL5vokyI0JsIG4jK7BrLzFvBFRC RBNwnsLKGnp2a3SV+G7hrXYZgvEF/1g/wKP8B3P8Ge2UW8FTR9OFWnq+p0kkvhMAy/dY KNa9dv3Ny81d26fefuvd72zpkzheUw4UYae5EwB1JomKBACRe5BaYSCefJ1Ysmf/4erB NGv8Myh5licy0ywRl66m2f7V/2dsNB2Ab9FwzXYPe4d/rj6+uHH08utzuv4tTwQoFGL plz02GY46xiFgWXUHfjwkHO+BWbw9RDzRS4WdXOWtOnnklpZqw/GmnL/q6omHKuVImvV AwX7u9cQx4k6n/paYHZeFYJnRcImq96ZYWkaGizO02FBY6y9IBxK/y4lC+YZRy9Q91Yw 5IbpZhOqzhN6yo2jXOAVYzwASsao9Al3YslZGjFfIHMWrPcq2vf6Q0s6VrcLpeWLPXP+ zmcsY72Ez/iktn0mU82N221+93W/SiKxtERbUE0Hq3A+HD0y/2z0WD4fDA69d8QklVs kkfkCemTITkix+QlOSETwsmcfCKfyZfO92Ar2AkerEqDzlpzn/wRweOflcW8mA==</la texit>
No ¯2
<latexit sha1_base64="Cc5+EWoE+lefTH4n3vFWDbXFSmc=">AAACeXicbVFNbx MxEHW2fJTwlYIQBy6GFilUEG1SpCa3SlwQh6pIpK0Uh2jWO0mseu2VPUuIVvtruMKP4E8gceKHcABnEyG+RrL89GaeZ+Y5ybXyFMdfG9HWpctXrm5fa16/cfPW7dbOnVNv CydxKK227jwBj1oZHJIijee5Q8gSjWfJxYtV/uwdOq+seUPLHMcZzIyaKgkUqEnrfikkaH5cTaxIwAkdpCm87U1au3EnroP/C7obsHu09eXH53vf8GSy03glUiuLDA1JDd6 PunFO4xIcKamxaorCYw7yAmY4CtBAhn5c1htU/HFgUj61LhxDvGZ/V5SQeb/MklCZAc3937kV+TTJ/pceFTTtj0tl8oLQyHWvaaE5Wb5yhKfKoSS9DACkU2FcLufgQFLwr SkMLqTNMjBpKdK0KoVd+YlUCsL3VHJByiz5ntA4JadmcwLn7GKvqkKnY1zwjbheLl1CGp4Pc3jrPG8nYcQFuPRZSK5uXmufNGv3B4NBf3DIazDo99ag/7z3y/3TXqd70Om 9Dt8Qs3VsswfsEWuzLjtkR+wlO2FDJlnFPrCP7FPje/Qwakf769KosdHcZX9EdPAT2avGag==</latexit>
0.2
<latexit sha1_base64="ies23W7EVRgUqIaLny5dRAfwUJw=">AAACY3icbVDLbtNA FJ2YV0l5tKU7hDQiRSoSjRyD1HhFJRYgFqgI0laKo2o8vk5GnYc1c00wlj+BLfwFK36GJQv+g7ETIV5XGs3RuXPmnnvSQgqHYfitF1y6fOXqtY3r/c0bN2/d3treOXGmtBwm3Eh jz1LmQAoNExQo4aywwFQq4TS9eNb2T9+BdcLot1gVMFNsrkUuOENPvQmH0fnWIByGXdF/wWgNBk+/fvj+/MtufXy+3XuZZIaXCjRyyZybjsICZzWzKLiEpp+UDgrGL9gcph5qps DN6s5rQx94JqO5sf5opB37u6JmyrlKpf6lYrhwf/da8lGq/teelpiPZ7XQRYmg+WpWXkqKhra700xY4CgrDxi3wtulfMEs4+gT6icaltwoxXRWJ1nW1IlpkwOsE4T3WNMEha7oX iIhRyvmC2TWmuVe0/hJr2BJ1+Juuaximf/e+3DGOrqfeotLZrMD32xv2mkf9rv04zgex4e0A/E4WoHxk+hX+ifRcPR4GL0OB0chWdUGuUvuk30yIofkiLwgx2RCOJmTj+QT+dz7 EWwGO8Hu6mnQW2vukD8quPcTVDm9Aw==</latexit>
0.4
<latexit sha1_base64="pAhLbnOYreHCwW7uqbKiK+rmaag=">AAACY3icbVDLbtNA FJ2YV5vy6GuHkEakSEWCyAmVGq+oxALEAhVB2kpxVI3H18mo87BmrkmN5U/oFv6CFT/DkgX/wdiJEK8rjebo3Dlzzz1JLoXDMPzWCa5dv3Hz1tp6d+P2nbv3Nre2T5wpLIcxN9L Ys4Q5kELDGAVKOMstMJVIOE0uXjT90w9gnTD6PZY5TBWbaZEJztBT78L+wflmL+yHbdF/wWAFes+/fvz+8studXy+1Xkdp4YXCjRyyZybDMIcpxWzKLiEuhsXDnLGL9gMJh5qps BNq9ZrTR95JqWZsf5opC37u6JiyrlSJf6lYjh3f/ca8kmi/teeFJiNppXQeYGg+XJWVkiKhja701RY4ChLDxi3wtulfM4s4+gT6sYaFtwoxXRaxWlaV7FpkgOsYoRLrGiMQpd0L 5aQoRWzOTJrzWKvrv2kN7CgK3G7XFqy1H/vfThjHd1PvMUFs+lT32xu2mofd9v0oygaRYe0BdFouASjg+Gv9E+G/cGz/vBt2DsKybLWyH3ykOyTATkkR+QVOSZjwsmMXJFP5HPn R7ARbAe7y6dBZ6XZIX9U8OAnWDO9BQ==</latexit>
0.6
<latexit sha1_base64="aixbGFRbRkuCpwVsAxWY/cQw4aQ=">AAACY3icbVDLbtNA FJ2YR0vKo68dQhqRIhUJIidFNF5RiQWIBSqCtJXiqBqPr5NR52HNXJMay5/AFv6CFT/DkgX/wdiJEK8rjebo3Dlzzz1JLoXDMPzWCa5cvXZ9bf1Gd+Pmrdt3Nre2T5wpLIcxN9L Ys4Q5kELDGAVKOMstMJVIOE0unjf90/dgnTD6HZY5TBWbaZEJztBTb8P+0/PNXtgP26L/gsEK9J59/fD9xZfd6vh8q/MqTg0vFGjkkjk3GYQ5TitmUXAJdTcuHOSMX7AZTDzUTI GbVq3Xmj7wTEozY/3RSFv2d0XFlHOlSvxLxXDu/u415KNE/a89KTAbTSuh8wJB8+WsrJAUDW12p6mwwFGWHjBuhbdL+ZxZxtEn1I01LLhRium0itO0rmLTJAdYxQiXWNEYhS7pX iwhQytmc2TWmsVeXftJr2FBV+J2ubRkqf/e+3DGOrqfeIsLZtPHvtnctNU+7LbpR1E0ig5pC6LRcAlGT4a/0j8Z9gcH/eGbsHcUkmWtk7vkPtknA3JIjshLckzGhJMZ+Ug+kc+d H8FGsB3sLp8GnZVmh/xRwb2fXC29Bw==</latexit>
0.8
<latexit sha1_base64="TXZZcRKKGjjHhPY5qAkrBQyBQs8=">AAACZHicbVDLitRA FK3O+BjbUeehK0EKe4QRtEm3wnRWDrhQXMgI9sxApxkqlZvuYuoRqm5sY8gvuNWvcOXPuHTjd1hJGvF1oajDuXXqnnuSXAqHYfitF2xcunzl6ua1/vWtGzdvbe/snjhTWA5TbqS xZwlzIIWGKQqUcJZbYCqRcJpcPG/6p+/AOmH0WyxzmCu20CITnGFDhcNJ/3x7EA7Dtui/YLQGg2dfP3x/8eV2dXy+03sVp4YXCjRyyZybjcIc5xWzKLiEuh8XDnLGL9gCZh5qps DNq9ZsTR94JqWZsf5opC37u6JiyrlSJf6lYrh0f/ca8lGi/teeFZhN5pXQeYGgeTcrKyRFQ5vlaSoscJSlB4xb4e1SvmSWcfQR9WMNK26UYjqt4jStq9g00QFWMcJ7rGiMQpd0P 5aQoRWLJTJrzWq/rv2k17Cia3G7XFqy1H/vfThjHT1IvMUVs+lj32xu2mofdulHUTSJDmkLosm4A5On41/pn4yHoyfD8ZtwcBSSrjbJXXKfHJAROSRH5CU5JlPCyZJ8JJ/I596P YCvYC+50T4PeWrNH/qjg3k+aAL0d</latexit>
1.0
<latexit sha1_base64="6meJvYyQHHg15VimoB5Vphi7Ft8=">AAACZHicbVDLitRA FK3O+BjbUeehK0EKe4QRtElaYTorB1woLmQEe2ag0wyVyk13MfUIVTe2bcgvuNWvcOXPuHTjd1hJGvF1oajDuXXqnnvSQgqHYfitF2xcunzl6ua1/vWtGzdvbe/snjhTWg4TbqS xZylzIIWGCQqUcFZYYCqVcJpePG/6p+/AOmH0W1wVMFNsrkUuOMOGioZh/3x7EA7Dtui/IFqDwbOvH76/+HK7Oj7f6b1KMsNLBRq5ZM5No7DAWcUsCi6h7ielg4LxCzaHqYeaKX CzqjVb0weeyWhurD8aacv+rqiYcm6lUv9SMVy4v3sN+ShV/2tPS8zHs0rookTQvJuVl5Kioc3yNBMWOMqVB4xb4e1SvmCWcfQR9RMNS26UYjqrkiyrq8Q00QFWCcJ7rGiCQq/of iIhRyvmC2TWmuV+XftJr2FJ1+J2uWzFMv+99+GMdfQg9RaXzGaPfbO5aat92KUfx/E4PqQtiMejDoyfjn6lfzIaRk+Gozfh4CgkXW2Su+Q+OSAROSRH5CU5JhPCyYJ8JJ/I596P YCvYC+50T4PeWrNH/qjg3k+MEL0W</latexit>
⌘¯ = 0
<latexit sha1_base64="KGln7/tP8rf7fYBoMPA7H+T0k0o=">AAA Ca3icbVHLbhMxFHWGVxteLd0BC4u2UpFKNAlIzSyQKrFBLFCRSFspjiqP505i1Y+RfYcQjWbDhi9gC1/AB/ERfAN4ZiLE60qWj8718T0+Tgs lPcbxt1505eq16zc2Nvs3b92+c3dr+96pt6UTMBFWWXeecg9KGpigRAXnhQOuUwVn6eWLpn/2DpyX1rzFVQEzzedG5lJwDNSUpdwxQP487l9 s7caDuC36Lxiuwe7x5sfs648PhycX271XLLOi1GBQKO79dBgXOKu4QykU1H1Weii4uORzmAZouAY/q1rPNd0PTEZz68IySFv2d0XFtfcrnYa TmuPC/91ryMNU/689LTEfzyppihLBiG5WXiqKljYZ0Ew6EKhWAXDhZLBLxYI7LjAk1WcGlsJqzU1WsSyrK2abBAErhvAeK8pQmhXdYwpydHK +QO6cXe7VdZj0GpZ0LW4fl614Fq4PPrx1nh6kweKSu+xJaDY7bbWPu/STJBknR7QFyXjUgfGz0a/0T0eD4dPB6E34hph0tUEekEfkgAzJETk mL8kJmRBBLPlEPpMvve/RTnQ/etgdjXprzQ75o6L9nyj0wB0=</latexit>
 !¯ <latexit sha1_base64="rc6SsLzg/gpBqOfVSvd1X4HFRS0="></latexit>
No ¯2
<latexit sha1_base64="Cc5+EWoE+lefTH4n3vFWDbXFSmc=">AAACeXicbVFNbxMxEHW2fJ TwlYIQBy6GFilUEG1SpCa3SlwQh6pIpK0Uh2jWO0mseu2VPUuIVvtruMKP4E8gceKHcABnEyG+RrL89GaeZ+Y5ybXyFMdfG9HWpctXrm5fa16/cfPW7dbOnVNvCydxKK227jwBj1oZHJIijee5Q 8gSjWfJxYtV/uwdOq+seUPLHMcZzIyaKgkUqEnrfikkaH5cTaxIwAkdpCm87U1au3EnroP/C7obsHu09eXH53vf8GSy03glUiuLDA1JDd6PunFO4xIcKamxaorCYw7yAmY4CtBAhn5c1htU/HFg Uj61LhxDvGZ/V5SQeb/MklCZAc3937kV+TTJ/pceFTTtj0tl8oLQyHWvaaE5Wb5yhKfKoSS9DACkU2FcLufgQFLwrSkMLqTNMjBpKdK0KoVd+YlUCsL3VHJByiz5ntA4JadmcwLn7GKvqkKnY1z wjbheLl1CGp4Pc3jrPG8nYcQFuPRZSK5uXmufNGv3B4NBf3DIazDo99ag/7z3y/3TXqd70Om9Dt8Qs3VsswfsEWuzLjtkR+wlO2FDJlnFPrCP7FPje/Qwakf769KosdHcZX9EdPAT2avGag==</ latexit>
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<latexit sha1_base64="q7zEweZSOuZuxRw0+s6VCRF78ic="></latexit>
S
( 
!¯
)
<latexit sha1_base64="Z366mx+tkLV7iI4LSz0or0hwTFU="></latexit>
(c)
<latexit sha1_base64="vGCPu0r6SZN 9PjYUJhNo/vsuBsE=">AAACY3icbVHbahRBEO2deIkbL5vokyI0JsIG4jK7BrLzFvB FRCRBNwnsLKGnp2a3SV+G7hrXYZgvEF/1g/wKP8B3P8Ge2UW8FTR9OFWnq+p0kkvh MAy/dYKNa9dv3Ny81d26fefuvd72zpkzheUw4UYae5EwB1JomKBACRe5BaYSCefJ1 Ysmf/4erBNGv8Myh5licy0ywRl66m2f71/2dsNB2Ab9FwzXYPe4d/rj6+uHH08utzu v4tTwQoFGLplz02GY46xiFgWXUHfjwkHO+BWbw9RDzRS4WdXOWtOnnklpZqw/GmnL /q6omHKuVImvVAwX7u9cQx4k6n/paYHZeFYJnRcImq96ZYWkaGizO02FBY6y9IBxK/ y4lC+YZRy9Q91Yw5IbpZhOqzhN6yo2jXOAVYzwASsao9Al3YslZGjFfIHMWrPcq2v f6Q0s6VrcLpeWLPXP+zmcsY72Ez/iktn0mU82N221+93W/SiKxtERbUE0Hq3A+HD0 y/2z0WD4fDA69d8QklVskkfkCemTITkix+QlOSETwsmcfCKfyZfO92Ar2AkerEqDzl pzn/wRweOfmcG8mg==</latexit>
 !¯
<latexit sha1_base64="rc6SsLzg/g pBqOfVSvd1X4HFRS0=">AAACcnicbVDLbhMxFHWGVwmvFFjBxpAiFalEk4DUZE UlFiAWqEikrRRH1R3PTWLVj5F9pyGM8idsYcmKn2HJP/ABOJMI8bqS5aN77vE9 PlmhVaA0/dZILly8dPnK1tXmtes3bt5qbd8+Cq70EofSaedPMgiolcUhKdJ4Un gEk2k8zs5erPjjc/RBOfuOFgWODUytmigJFFunrZbIUROIDLxwBqdw2mqnnbQu /i/obkD7+dcP319+uVsdnm43XovcydKgJakhhFE3LWhcgSclNS6bogxYgDyDKY 4itGAwjKva+pI/ip2cT5yPxxKvu78rKjAhLEwWJw3QLPzNrZp7mfkfPSpp0h9X yhYloZXrXZNSc3J8FQXPlUdJehEBSK+iXS5n4EFSDKwpLM6lMwZsXok8X1bCrY JEqgThe6q4IGUXfEdonJBX0xmB926+s1zGTW9wzjfi+nP5AvL4fPQRnA98N4sW 5+DzJ5Fc3bzWPm7W6Q8Gg/5gn9dg0O+tQf9Z71f6R71O92mn9zZtH6RsXVvsPnv IdlmX7bMD9oodsiGT7Jx9ZJ/Y58aP5F7yIGmvR5PGRnOH/VHJ3k93j8OC</lat exit>
No ¯2
<latexit sha1_base64="Cc5+EWoE+lefTH4n3vFWDbXFSmc=">AAACeXicbVFNbx MxEHW2fJTwlYIQBy6GFilUEG1SpCa3SlwQh6pIpK0Uh2jWO0mseu2VPUuIVvtruMKP4E8gceKHcABnEyG+RrL89GaeZ+Y5ybXyFMdfG9HWpctXrm5fa16/cfPW7dbOnVNv CydxKK227jwBj1oZHJIijee5Q8gSjWfJxYtV/uwdOq+seUPLHMcZzIyaKgkUqEnrfikkaH5cTaxIwAkdpCm87U1au3EnroP/C7obsHu09eXH53vf8GSy03glUiuLDA1JDd6 PunFO4xIcKamxaorCYw7yAmY4CtBAhn5c1htU/HFgUj61LhxDvGZ/V5SQeb/MklCZAc3937kV+TTJ/pceFTTtj0tl8oLQyHWvaaE5Wb5yhKfKoSS9DACkU2FcLufgQFLwr SkMLqTNMjBpKdK0KoVd+YlUCsL3VHJByiz5ntA4JadmcwLn7GKvqkKnY1zwjbheLl1CGp4Pc3jrPG8nYcQFuPRZSK5uXmufNGv3B4NBf3DIazDo99ag/7z3y/3TXqd70Om 9Dt8Qs3VsswfsEWuzLjtkR+wlO2FDJlnFPrCP7FPje/Qwakf769KosdHcZX9EdPAT2avGag==</latexit>
0.2
<latexit sha1_base64="ies23W7EVRgUqIaLny5dRAfwUJw=">AAACY3icbVDLbtNA FJ2YV0l5tKU7hDQiRSoSjRyD1HhFJRYgFqgI0laKo2o8vk5GnYc1c00wlj+BLfwFK36GJQv+g7ETIV5XGs3RuXPmnnvSQgqHYfitF1y6fOXqtY3r/c0bN2/d3treOXGmtBwm3Eh jz1LmQAoNExQo4aywwFQq4TS9eNb2T9+BdcLot1gVMFNsrkUuOENPvQmH0fnWIByGXdF/wWgNBk+/fvj+/MtufXy+3XuZZIaXCjRyyZybjsICZzWzKLiEpp+UDgrGL9gcph5qps DN6s5rQx94JqO5sf5opB37u6JmyrlKpf6lYrhwf/da8lGq/teelpiPZ7XQRYmg+WpWXkqKhra700xY4CgrDxi3wtulfMEs4+gT6icaltwoxXRWJ1nW1IlpkwOsE4T3WNMEha7oX iIhRyvmC2TWmuVe0/hJr2BJ1+Juuaximf/e+3DGOrqfeotLZrMD32xv2mkf9rv04zgex4e0A/E4WoHxk+hX+ifRcPR4GL0OB0chWdUGuUvuk30yIofkiLwgx2RCOJmTj+QT+dz7 EWwGO8Hu6mnQW2vukD8quPcTVDm9Aw==</latexit>
0.4
<latexit sha1_base64="pAhLbnOYreHCwW7uqbKiK+rmaag=">AAACY3icbVDLbtNA FJ2YV5vy6GuHkEakSEWCyAmVGq+oxALEAhVB2kpxVI3H18mo87BmrkmN5U/oFv6CFT/DkgX/wdiJEK8rjebo3Dlzzz1JLoXDMPzWCa5dv3Hz1tp6d+P2nbv3Nre2T5wpLIcxN9L Ys4Q5kELDGAVKOMstMJVIOE0uXjT90w9gnTD6PZY5TBWbaZEJztBT78L+wflmL+yHbdF/wWAFes+/fvz+8studXy+1Xkdp4YXCjRyyZybDMIcpxWzKLiEuhsXDnLGL9gMJh5qps BNq9ZrTR95JqWZsf5opC37u6JiyrlSJf6lYjh3f/ca8kmi/teeFJiNppXQeYGg+XJWVkiKhja701RY4ChLDxi3wtulfM4s4+gT6sYaFtwoxXRaxWlaV7FpkgOsYoRLrGiMQpd0L 5aQoRWzOTJrzWKvrv2kN7CgK3G7XFqy1H/vfThjHd1PvMUFs+lT32xu2mofd9v0oygaRYe0BdFouASjg+Gv9E+G/cGz/vBt2DsKybLWyH3ykOyTATkkR+QVOSZjwsmMXJFP5HPn R7ARbAe7y6dBZ6XZIX9U8OAnWDO9BQ==</latexit>
0.6
<latexit sha1_base64="aixbGFRbRkuCpwVsAxWY/cQw4aQ=">AAACY3icbVDLbtNA FJ2YR0vKo68dQhqRIhUJIidFNF5RiQWIBSqCtJXiqBqPr5NR52HNXJMay5/AFv6CFT/DkgX/wdiJEK8rjebo3Dlzzz1JLoXDMPzWCa5cvXZ9bf1Gd+Pmrdt3Nre2T5wpLIcxN9L Ys4Q5kELDGAVKOMstMJVIOE0unjf90/dgnTD6HZY5TBWbaZEJztBTb8P+0/PNXtgP26L/gsEK9J59/fD9xZfd6vh8q/MqTg0vFGjkkjk3GYQ5TitmUXAJdTcuHOSMX7AZTDzUTI GbVq3Xmj7wTEozY/3RSFv2d0XFlHOlSvxLxXDu/u415KNE/a89KTAbTSuh8wJB8+WsrJAUDW12p6mwwFGWHjBuhbdL+ZxZxtEn1I01LLhRium0itO0rmLTJAdYxQiXWNEYhS7pX iwhQytmc2TWmsVeXftJr2FBV+J2ubRkqf/e+3DGOrqfeIsLZtPHvtnctNU+7LbpR1E0ig5pC6LRcAlGT4a/0j8Z9gcH/eGbsHcUkmWtk7vkPtknA3JIjshLckzGhJMZ+Ug+kc+d H8FGsB3sLp8GnZVmh/xRwb2fXC29Bw==</latexit>
0.8
<latexit sha1_base64="TXZZcRKKGjjHhPY5qAkrBQyBQs8=">AAACZHicbVDLitRA FK3O+BjbUeehK0EKe4QRtEm3wnRWDrhQXMgI9sxApxkqlZvuYuoRqm5sY8gvuNWvcOXPuHTjd1hJGvF1oajDuXXqnnuSXAqHYfitF2xcunzl6ua1/vWtGzdvbe/snjhTWA5TbqS xZwlzIIWGKQqUcJZbYCqRcJpcPG/6p+/AOmH0WyxzmCu20CITnGFDhcNJ/3x7EA7Dtui/YLQGg2dfP3x/8eV2dXy+03sVp4YXCjRyyZybjcIc5xWzKLiEuh8XDnLGL9gCZh5qps DNq9ZsTR94JqWZsf5opC37u6JiyrlSJf6lYrh0f/ca8lGi/teeFZhN5pXQeYGgeTcrKyRFQ5vlaSoscJSlB4xb4e1SvmSWcfQR9WMNK26UYjqt4jStq9g00QFWMcJ7rGiMQpd0P 5aQoRWLJTJrzWq/rv2k17Cia3G7XFqy1H/vfThjHT1IvMUVs+lj32xu2mofdulHUTSJDmkLosm4A5On41/pn4yHoyfD8ZtwcBSSrjbJXXKfHJAROSRH5CU5JlPCyZJ8JJ/I596P YCvYC+50T4PeWrNH/qjg3k+aAL0d</latexit>
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FIG. 3. The photon energy emission spectra below population
inversion, do = −0.4. The coherent coupling, changes from
the normal Noλ¯2 < 0.6 to the superradiant Noλ¯2 ≥ 0.6 region
and the incoherent is set to (a) η¯ = 0, (b) η¯ = −0.2, and (c)
η¯ = 0.2. The inset: mean-field polariton spectrum for η¯ = 0.
Specifically,
S(δω¯) = (1 + δω¯)4
∫ ∞
−∞
dτ
2pi
〈ψˆ†(τ)ψˆ(0)〉eiδω¯τ , (18)
with the dimensionless frequency detuning δω¯ = (ω −
ωo)/ωo, and the prefactor (1 + δω¯)
4 reflecting scaling of
the photon density of states and the emitted photon en-
ergy. Noteworthy that the spectral distribution of the
number of emitted photons can be obtained by normaliz-
ing S(δω¯) per photon energy which changes the frequency
prefactor to (1 + δω¯)3. The cubic scaling of the prefactor
reflects the scaling of the spontaneous decay rate deter-
mined by the vacuum photon density of states.
Applying the quantum regression theo-
rem [32], the correlation function in Eq. (18)
is calculated perturbatively via numerical so-
lution of Eqs. (7) and (8) with v(τ) =
[〈ψˆ(τ)ψˆ(0)〉, 〈ψˆ†(τ)ψˆ(0)〉, 〈sˆ−(τ)ψˆ(0)〉, 〈sˆ+(τ)ψˆ(0)〉]T.
6The second moment steady states are used as the initial
conditions for v(0) and the steady state sz is used to
parameterize M. According to the adopted formalism
the photon emission occurs as a result of relaxation
of the SPCM-QM correlated elementary excitations to
the steady/ground state accounting for virtual SPCM
and QE excitations above the critical boundaries. This
allows us to eliminate unphysical photon emission by
such virtual states discussed in Ref. [5].
Figure 3(a) compares the emission spectra in transition
from the normal to the superradiant steady states at no
dissipative coupling, i.e., the η¯ = 0 slice of the phase di-
agram in Fig. 2 (b). Each curve has two features one
characterized by a positive and the other by a negative
detuning. The energy splitting between the features is in
quantitative agreement with the spectrum of the elemen-
tary excitations [35], namely the surface plasmon-exciton
polaritons, shown in the inset.
As the coherent coupling passes through the superra-
diant critical value (green dash in the inset), the lower
polariton branch passes through a gap at zero photon
energy (δω¯ = −1) [36]. Emission within this spectral
branch is highly suppressed due to the decrease in the
photon energy and the density of states (the prefactor in
Eq. (18)). Therefore, a subtle lower polariton behavior
near the critical point is not resolved in the spectra. As a
results, the emission at the superradiant phase transition
occurs from the upper polariton branch.
Small non-vanishing values of the incoherent coupling,
η¯, below the threshold for the lasing without inversion,
result in the emission spectrum modifications shown in
panels (b) and (c) of Fig. 3 Specifically, negative values
of η¯ (panel (b)) result in the emission line narrowing and
strong suppression of the lower polariton peak. In con-
trast, positive values of η¯ (panel (c)) increase the line
broadening and enhance the lower polariton features.
Figure 4(a) compares emission spectra for η¯ = ±0.5
values of the dissipative coupling below (dashed line)
and within (solid line) the lasing without inversion phase
shown in Fig. 2 (b). A sharp characteristic features
appear above the lasing critical coupling. To identify
these features, we have calculated a normalized lasing
frequency shift δω¯l = (ωl − ωo)/ωo using the generalized
Tavis-Cummings model (see Appendix C)
δω¯l(η) = −do 2η¯Noλ¯
2
l (η)
Γ¯o + Γ¯sp
, (19)
with Noλ¯2l (η) given by Eq. (10). According to this ex-
pression, the peak shift is determined by the dissipative
coupling parameter η¯.
The lasing peak shift evaluated according to Eq. (19)
is plotted in the inset to Fig. 4(a). Comparison shows
that the spectral positions of the sharp emission peaks
are in quantitative agreement with the predictions of the
Tavis-Cummings model allowing us to identify them as
the lasing peaks. Spectra calculated within the crossover
region (panel (b)) demonstrate the same trends as the
spectra in panel (a). This confirms our assumption that
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0.01
<latexit sha1_base64="z0Q9sr4AnGerZF+U6u4v0uK2S4k=">AAACZXicbVDLbtN AFJ24PEqg0JaKDQtGpEhFgsgOSI1XVGIBYoGKRNpKcVSNx9fJqPOwZq4JwfI3sIWfYMXPsGTFbzC2I8TrSqN7dM49cx9pIYXDMPzWCzYuXb5ydfNa//qNrZu3tnd2T5wpLYcJN 9LYs5Q5kELDBAVKOCssMJVKOE0vnjf66TuwThj9FlcFzBSba5ELztBTk3AYRv3z7YHPbdB/QbQGg2dfP3x/8WWvOj7f6b1KMsNLBRq5ZM5No7DAWcUsCi6h7ielg4LxCzaHqYe aKXCzqp22pg88k9HcWP800pb93VEx5dxKpb5SMVy4v7WGfJSq/8nTEvPxrBK6KBE073rlpaRoaLM9zYQFjnLlAeNW+HEpXzDLOPob9RMNS26UYjqrkiyrq8Q0twOsEoT3WNEEh V7R/URCjlbMF8isNcv9uvadXsOSrs3tctmKZf57P4cz1tGD1I+4ZDZ77MUm09b7sLt+HMfj+JC2IB6POjB+Ovp1/ZPRMHoyHL0JB0ch6WKT3CX3yQGJyCE5Ii/JMZkQTgT5SD6 Rz70fwVawF9zpSoPe2nOb/BHBvZ8Rrr1Q</latexit>
0.2
<latexit sha1_base64="OFF5dpQllxWlvJp/FFlKLBrOPOs=">AAACZHicbVDLitR AFK3O+BjbUeehK0EKe4QRtElHYTorB1woLmQEe2ag0wyVyk13MfUIVTe2bcgvuNWvcOXPuHTjd1hJGvF1oajDuXXqnnvSQgqHYfitF2xcunzl6ua1/vWtGzdvbe/snjhTWg4Tb qSxZylzIIWGCQqUcFZYYCqVcJpePG/6p+/AOmH0W1wVMFNsrkUuOMOGCodR/3x7EA7Dtui/YLQGg2dfP3x/8eV2dXy+03uVZIaXCjRyyZybjsICZxWzKLiEup+UDgrGL9gcph5 qpsDNqtZsTR94JqO5sf5opC37u6JiyrmVSv1LxXDh/u415KNU/a89LTEfzyqhixJB825WXkqKhjbL00xY4ChXHjBuhbdL+YJZxtFH1E80LLlRiumsSrKsrhLTRAdYJQjvsaIJC r2i+4mEHK2YL5BZa5b7de0nvYYlXYvb5bIVy/z33ocz1tGD1FtcMps99s3mpq32YZd+HMfj+JC2IB5HHRg/jX6lfxINR0+G0ZtwcBSSrjbJXXKfHJAROSRH5CU5JhPCyYJ8JJ/ I596PYCvYC+50T4PeWrNH/qjg3k+ODL0X</latexit>
0.01
<latexit sha1_base64="z0Q9sr4AnGerZF+U6u4v0uK2S4k=">AAACZXicbVDLbtN AFJ24PEqg0JaKDQtGpEhFgsgOSI1XVGIBYoGKRNpKcVSNx9fJqPOwZq4JwfI3sIWfYMXPsGTFbzC2I8TrSqN7dM49cx9pIYXDMPzWCzYuXb5ydfNa//qNrZu3tnd2T5wpLYcJN 9LYs5Q5kELDBAVKOCssMJVKOE0vnjf66TuwThj9FlcFzBSba5ELztBTk3AYRv3z7YHPbdB/QbQGg2dfP3x/8WWvOj7f6b1KMsNLBRq5ZM5No7DAWcUsCi6h7ielg4LxCzaHqYe aKXCzqp22pg88k9HcWP800pb93VEx5dxKpb5SMVy4v7WGfJSq/8nTEvPxrBK6KBE073rlpaRoaLM9zYQFjnLlAeNW+HEpXzDLOPob9RMNS26UYjqrkiyrq8Q0twOsEoT3WNEEh V7R/URCjlbMF8isNcv9uvadXsOSrs3tctmKZf57P4cz1tGD1I+4ZDZ77MUm09b7sLt+HMfj+JC2IB6POjB+Ovp1/ZPRMHoyHL0JB0ch6WKT3CX3yQGJyCE5Ii/JMZkQTgT5SD6 Rz70fwVawF9zpSoPe2nOb/BHBvZ8Rrr1Q</latexit>
0.2
<latexit sha1_base64="OFF5dpQllxWlvJp/FFlKLBrOPOs=">AAACZHicbVDLitR AFK3O+BjbUeehK0EKe4QRtElHYTorB1woLmQEe2ag0wyVyk13MfUIVTe2bcgvuNWvcOXPuHTjd1hJGvF1oajDuXXqnnvSQgqHYfitF2xcunzl6ua1/vWtGzdvbe/snjhTWg4Tb qSxZylzIIWGCQqUcFZYYCqVcJpePG/6p+/AOmH0W1wVMFNsrkUuOMOGCodR/3x7EA7Dtui/YLQGg2dfP3x/8eV2dXy+03uVZIaXCjRyyZybjsICZxWzKLiEup+UDgrGL9gcph5 qpsDNqtZsTR94JqO5sf5opC37u6JiyrmVSv1LxXDh/u415KNU/a89LTEfzyqhixJB825WXkqKhjbL00xY4ChXHjBuhbdL+YJZxtFH1E80LLlRiumsSrKsrhLTRAdYJQjvsaIJC r2i+4mEHK2YL5BZa5b7de0nvYYlXYvb5bIVy/z33ocz1tGD1FtcMps99s3mpq32YZd+HMfj+JC2IB5HHRg/jX6lfxINR0+G0ZtwcBSSrjbJXXKfHJAROSRH5CU5JhPCyYJ8JJ/ I596PYCvYC+50T4PeWrNH/qjg3k+ODL0X</latexit>
⌘¯
<latexit sha1_base64="QAGOWUYn5ePgHgmJVygFBW+TiV8=">AAACaHicbVH LbhMxFHWGVxteKSwQYmO1RSpSiSahUjO7SmwQC1Qk0kbKRJXHvkms+jGy7zSMRrNhw54t/AIfxC/wE+CZRIjXlSwfnevje3yc5Up6jONvneja9Rs3b21td2/fuXv vfm/nwZm3heMw5lZZN8mYByUNjFGigknugOlMwXl2+bLpn1+B89Kad1jmMNNsYeRccoaBmqQZcykgu+jtxf24LfovGGzA3sn2R/H1x4fD04udzutUWF5oMMgV834 6iHOcVcyh5Arqblp4yBm/ZAuYBmiYBj+rWsM1fRoYQefWhWWQtuzviopp70udhZOa4dL/3WvIw0z/rz0tcD6aVdLkBYLh61nzQlG0tAmACumAoyoDYNzJYJfyJXO MY4ipmxpYcas1M6JKhair1DbxAVYpwnusaIrSlHQ/VTBHJxdLZM7Z1X5dh0lvYEU34vZxomQiXB98eOs8PciCxRVz4nloNjtttc+6bfpJkoySY9qCZDRcg9HR8Ff 6Z8P+4EV/+DZ8Q0zWtUWekF1yQAbkmJyQV+SUjAkninwin8mXzveoFz2KHq+PRp2N5iH5o6Ldn8HVv4g=</latexit>
 
!¯
l
<latexit sha1_base64="K3kI9QuKihhukTq5iij5ESFo3MM="></latexit>
 !¯
<latexit sha1_base64="rc6SsLzg/g pBqOfVSvd1X4HFRS0=">AAACcnicbVDLbhMxFHWGVwmvFFjBxpAiFalEk4DUZEU lFiAWqEikrRRH1R3PTWLVj5F9pyGM8idsYcmKn2HJP/ABOJMI8bqS5aN77vE9Pl mhVaA0/dZILly8dPnK1tXmtes3bt5qbd8+Cq70EofSaedPMgiolcUhKdJ4UngEk2 k8zs5erPjjc/RBOfuOFgWODUytmigJFFunrZbIUROIDLxwBqdw2mqnnbQu/i/ob kD7+dcP319+uVsdnm43XovcydKgJakhhFE3LWhcgSclNS6bogxYgDyDKY4itGAw jKva+pI/ip2cT5yPxxKvu78rKjAhLEwWJw3QLPzNrZp7mfkfPSpp0h9XyhYloZX rXZNSc3J8FQXPlUdJehEBSK+iXS5n4EFSDKwpLM6lMwZsXok8X1bCrYJEqgThe6 q4IGUXfEdonJBX0xmB926+s1zGTW9wzjfi+nP5AvL4fPQRnA98N4sW5+DzJ5Fc3b zWPm7W6Q8Gg/5gn9dg0O+tQf9Z71f6R71O92mn9zZtH6RsXVvsPnvIdlmX7bMD9 oodsiGT7Jx9ZJ/Y58aP5F7yIGmvR5PGRnOH/VHJ3k93j8OC</latexit>
do =  0.4
<latexit sha1_base64="9n9kZQ6tuV1TKNw0N1Jt6tdfBO A=">AAACaHicbVFdixMxFE1n/VjrV1cREV/C7gor7JZpXdjOg7Dgi/ggK9jdQqeUTHKnDZtJhuSOdRjmT/iqf8Y/Ifjku39 CM9Mifl0IOZybk3tykuRKOgzDr51g68rVa9e3b3Rv3rp9525v5965M4XlMOZGGTtJmAMlNYxRooJJboFliYKL5PJF0794B 9ZJo99imcMsYwstU8kZemoi5ub5Udg/nvf2wn7YFv0XDDZg73Try4/PD77B2Xyn8yoWhhcZaOSKOTcdhDnOKmZRcgV1Ny4c 5IxfsgVMPdQsAzerWsM1feIZQVNj/dJIW/Z3RcUy58os8Sczhkv3d68hD5Psf+1pgeloVkmdFwiar2elhaJoaBMAFdICR1V 6wLiV3i7lS2YZRx9TN9aw4ibLmBZVLERdxaaJD7CKEd5jRWOUuqT7sYIUrVwskVlrVvt17Se9hhXdiNvHiZIJf7334Yx19C DxFlfMiiPfbHbaap922/SjKBpFJ7QF0Wi4BqPj4a/0z4f9wbP+8I3/hpCsa5s8JrvkgAzICTklL8kZGRNOFPlAPpJPne9BL 3gYPFofDTobzX3yRwW7PwH7nL8z</latexit>
S
( 
!¯
)
<latexit sha1_base64="Z366mx+tkLV7iI4LSz0or0hwTFU="></latexit>
(a)
<latexit sha1_base64="lBq3IiMeA9Wfw JgzSgup6dkrfN4=">AAACY3icbVHbahRBEO2deIkbL5vokyI0JsIG4jK7BrLzFvBFRCRB NwnsLKGnp2a3SV+G7hrXYZgvEF/1g/wKP8B3P8Ge2UW8FTR9OFWnq+p0kkvhMAy/dYKNa 9dv3Ny81d26fefuvd72zpkzheUw4UYae5EwB1JomKBACRe5BaYSCefJ1Ysmf/4erBNGv8 Myh5licy0ywRl66m2f7V/2dsNB2Ab9FwzXYPe4d/rj6+uHH08utzuv4tTwQoFGLplz02G Y46xiFgWXUHfjwkHO+BWbw9RDzRS4WdXOWtOnnklpZqw/GmnL/q6omHKuVImvVAwX7u9c Qx4k6n/paYHZeFYJnRcImq96ZYWkaGizO02FBY6y9IBxK/y4lC+YZRy9Q91Yw5IbpZhOq zhN6yo2jXOAVYzwASsao9Al3YslZGjFfIHMWrPcq2vf6Q0s6VrcLpeWLPXP+zmcsY72Ez /iktn0mU82N221+93W/SiKxtERbUE0Hq3A+HD0y/2z0WD4fDA69d8QklVskkfkCemTIT kix+QlOSETwsmcfCKfyZfO92Ar2AkerEqDzlpzn/wRweOflcW8mA==</latexit>
S
( 
!¯
)
<latexit sha1_base64="Z366mx+tkLV7iI4LSz0or0hwTFU="></latexit>
������
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���
���
do = 0.5
<latexit sha1_base64="N1XPBLqKVId/uigNlwcN GyXWPVk=">AAACZ3icbVFdixMxFE1n/Vjrx+4qiuBLdFfYBS3TqmznQVjwRXyQFex2oVNKJrnThk6SIblj HYb5Eb7qr/FPCD757K/QzLSIXxdCDufek3vvSZJn0mEYfu0EWxcuXrq8faV79dr1Gzu7ezfPnCkshxE3mbH nCXOQSQ0jlJjBeW6BqSSDcbJ80eTH78A6afRbLHOYKjbXMpWcoafGYmaeh71ns939sBe2Qf8F/Q3YP9n68 uPz7W9wOtvrvIqF4YUCjTxjzk36YY7TilmUPIO6GxcOcsaXbA4TDzVT4KZVO29NH3pG0NRYfzTSlv1dUTHl XKkSX6kYLtzfuYZ8lKj/pScFpsNpJXVeIGi+7pUWGUVDm/2pkBY4ZqUHjFvpx6V8wSzj6F3qxhpW3CjFtKh iIeoqNo17gFWM8B4rGqPUJT2IM0jRyvkCmbVmdVDXvtNrWNGNuF1OlEz45/0czlhHDxM/4opZ8dgnm5u22 qNu634URcPomLYgGg7WYPh08Mv9s0Gv/6Q3eOO/ISTr2Cb3yANySPrkmJyQl+SUjAgnS/KBfCSfOt+DneBO cHddGnQ2mlvkjwju/wR8wb79</latexit>
⌘¯ =  0.5
<latexit sha1_base64="IZapFrqkMteVXuvu5TSJlFOXEgQ=">AAACbnicbVFdaxQxF M2OX+361Sr4ImKwFVZol9lV6c6DUPBFfJAKblvYrCWTubMbOkmG5I7rMMyLL/4FX/XdH+S/8B9oZmYRvy6EHM7NyT05ifNMOgzDb73gwsVLl69sbPavXrt+4+bW9q1jZworYCpMZu xpzB1kUsMUJWZwmlvgKs7gJD5/3vRP3oF10ug3WOYwV3yhZSoFR0+9ZTG3DJA/2w+HT/tnWzvhMGyL/gtGa7BzuPkx+frjw97R2XbvJUuMKBRoFBl3bjYKc5xX3KIUGdR9VjjIuTj nC5h5qLkCN69a2zV96JmEpsb6pZG27O+KiivnShX7k4rj0v3da8i9WP2vPSswncwrqfMCQYtuVlpkFA1tYqCJtCAwKz3gwkpvl4olt1ygD6vPNKyEUYrrpGJJUlfMNCECVgzhPVaU odQl3WUZpGjlYoncWrParWs/6RWs6FrcPi4peeKv9z6csY4OYm9xxW2y75vNTlvtoy79KIom0QFtQTQZd2DyZPwr/ePxcPR4OH7tvyEkXW2Qu+QBGZAROSCH5AU5IlMiiCWfyGfyp fc9uBPcC+53R4PeWnOb/FHB4CfDfcDL</latexit>
No ¯2
<latexit sha1_base64="80umLzCp3xIdzshxga/3zpZuvZU=">AAACenicbVFdaxNBFJ1s/ajx K1UEwZehrdBiDZtYaPJW8EV8KBVMW8jEcHf2Jhk6O7PM3DWGZf01vup/8E8IPvlHBJ1sgvh1YZjDuffMvfdMkmvlKY6/NqKNK1evXd+80bx56/adu62te2feFk7iQFpt3UUCHrUyOCBFGi9yh5AlGs+ Ty+fL/PlbdF5Z85oWOY4ymBo1URIoUOPWw1JI0PykGluRgBM6SFN4022OWztxO66D/ws6a7BzvPHlx+cH3/B0vNV4KVIriwwNSQ3eDztxTqMSHCmpsWqKwmMO8hKmOAzQQIZ+VNYrVPxxYFI+sS4cQ7 xmf1eUkHm/yJJQmQHN/N+5JXmQZP9LDwua9EalMnlBaOSq16TQnCxfWsJT5VCSXgQA0qkwLpczcCApGNcUBufSZhmYtBRpWpXCLg1FKgXhOyq5IGUWfFdonJBT0xmBc3a+W1Wh0wnO+VpcL5cuIA3Ph zm8dZ7vJWHEObj0aUgub15r91fu9/v9Xv+I16Df665A77D7y/2zbrvzrN19Fb4hZqvYZI/YNttjHXbEjtkLdsoGTLL37AP7yD41vkfb0X70ZFUaNdaa++yPiA5/Ahvixn4=</latexit>
0.01
<latexit sha1_base64="z0Q9sr4AnGerZF+U6u4v0uK2S4k=">AAACZXicbVDLbtNAFJ2 4PEqg0JaKDQtGpEhFgsgOSI1XVGIBYoGKRNpKcVSNx9fJqPOwZq4JwfI3sIWfYMXPsGTFbzC2I8TrSqN7dM49cx9pIYXDMPzWCzYuXb5ydfNa//qNrZu3tnd2T5wpLYcJN9LYs5Q5kELD BAVKOCssMJVKOE0vnjf66TuwThj9FlcFzBSba5ELztBTk3AYRv3z7YHPbdB/QbQGg2dfP3x/8WWvOj7f6b1KMsNLBRq5ZM5No7DAWcUsCi6h7ielg4LxCzaHqYeaKXCzqp22pg88k9Hc WP800pb93VEx5dxKpb5SMVy4v7WGfJSq/8nTEvPxrBK6KBE073rlpaRoaLM9zYQFjnLlAeNW+HEpXzDLOPob9RMNS26UYjqrkiyrq8Q0twOsEoT3WNEEhV7R/URCjlbMF8isNcv9uvadX sOSrs3tctmKZf57P4cz1tGD1I+4ZDZ77MUm09b7sLt+HMfj+JC2IB6POjB+Ovp1/ZPRMHoyHL0JB0ch6WKT3CX3yQGJyCE5Ii/JMZkQTgT5SD6Rz70fwVawF9zpSoPe2nOb/BHBvZ8Rrr 1Q</latexit>
⌘¯ = 0.5
<latexit sha1_base64="sAbjMUepzEcwZ62jSDwruM/+M0w=">AAACbXicbVHLbtQ wFPWEVzu8WhArELJoEUUqo8wU1MkCqRIbxAIViWkrjaPKcW5mrMZ2at8wRFE2bPgEtvABfBBfwSeAJxkhXleyfHSuj+/xcVLk0mEYfusFFy5eunxlbb1/9dr1Gzc3Nm8dOVNaA RNhcmNPEu4glxomKDGHk8ICV0kOx8nZi2X/+B1YJ41+i1UBseIzLTMpOHoqZgm3DJA/DwfP+qcbW+EgbIv+C4YrsHWw/jH9+uPD7uHpZu8VS40oFWgUOXduOgwLjGtuUYocmj 4rHRRcnPEZTD3UXIGL69Z1Qx96JqWZsX5ppC37u6LmyrlKJf6k4jh3f/eW5G6i/teelpiN41rqokTQopuVlTlFQ5cp0FRaEJhXHnBhpbdLxZxbLtBn1WcaFsIoxXVaszRtama WGQLWDOE91pSh1BXdZjlkaOVsjtxas9huGj/pNSzoStw+Lq146q/3Ppyxju4k3uKC2/SJby532mofd+lHUTSO9mkLovGoA+Ono1/pH40Gw73B6I3/hpB0tUbukgdkhwzJPjkgL 8khmRBBzskn8pl86X0P7gT3gvvd0aC30twmf1Tw6CdAd8CU</latexit>
0.01
<latexit sha1_base64="z0Q9sr4AnGerZF+U6u4v0uK2S4k=">AAACZXicbVDLbtNAFJ2 4PEqg0JaKDQtGpEhFgsgOSI1XVGIBYoGKRNpKcVSNx9fJqPOwZq4JwfI3sIWfYMXPsGTFbzC2I8TrSqN7dM49cx9pIYXDMPzWCzYuXb5ydfNa//qNrZu3tnd2T5wpLYcJN9LYs5Q5kELD BAVKOCssMJVKOE0vnjf66TuwThj9FlcFzBSba5ELztBTk3AYRv3z7YHPbdB/QbQGg2dfP3x/8WWvOj7f6b1KMsNLBRq5ZM5No7DAWcUsCi6h7ielg4LxCzaHqYeaKXCzqp22pg88k9Hc WP800pb93VEx5dxKpb5SMVy4v7WGfJSq/8nTEvPxrBK6KBE073rlpaRoaLM9zYQFjnLlAeNW+HEpXzDLOPob9RMNS26UYjqrkiyrq8Q0twOsEoT3WNEEhV7R/URCjlbMF8isNcv9uvadX sOSrs3tctmKZf57P4cz1tGD1I+4ZDZ77MUm09b7sLt+HMfj+JC2IB6POjB+Ovp1/ZPRMHoyHL0JB0ch6WKT3CX3yQGJyCE5Ii/JMZkQTgT5SD6Rz70fwVawF9zpSoPe2nOb/BHBvZ8Rrr 1Q</latexit>
0.01
<latexit sha1_base64="z0Q9sr4AnGerZF+U6u4v0uK2S4k=">AAACZXicbVDLbtNAFJ2 4PEqg0JaKDQtGpEhFgsgOSI1XVGIBYoGKRNpKcVSNx9fJqPOwZq4JwfI3sIWfYMXPsGTFbzC2I8TrSqN7dM49cx9pIYXDMPzWCzYuXb5ydfNa//qNrZu3tnd2T5wpLYcJN9LYs5Q5kELD BAVKOCssMJVKOE0vnjf66TuwThj9FlcFzBSba5ELztBTk3AYRv3z7YHPbdB/QbQGg2dfP3x/8WWvOj7f6b1KMsNLBRq5ZM5No7DAWcUsCi6h7ielg4LxCzaHqYeaKXCzqp22pg88k9Hc WP800pb93VEx5dxKpb5SMVy4v7WGfJSq/8nTEvPxrBK6KBE073rlpaRoaLM9zYQFjnLlAeNW+HEpXzDLOPob9RMNS26UYjqrkiyrq8Q0twOsEoT3WNEEhV7R/URCjlbMF8isNcv9uvadX sOSrs3tctmKZf57P4cz1tGD1I+4ZDZ77MUm09b7sLt+HMfj+JC2IB6POjB+Ovp1/ZPRMHoyHL0JB0ch6WKT3CX3yQGJyCE5Ii/JMZkQTgT5SD6Rz70fwVawF9zpSoPe2nOb/BHBvZ8Rrr 1Q</latexit>
⌘¯ = 0
<latexit sha1_base64="KGln7/tP8rf7fYBoMPA7H+T0k0o=">AAACa3icb VHLbhMxFHWGVxteLd0BC4u2UpFKNAlIzSyQKrFBLFCRSFspjiqP505i1Y+RfYcQjWbDhi9gC1/AB/ERfAN4ZiLE60qWj8718T0+TgslPcbxt1505eq16zc2Nv s3b92+c3dr+96pt6UTMBFWWXeecg9KGpigRAXnhQOuUwVn6eWLpn/2DpyX1rzFVQEzzedG5lJwDNSUpdwxQP487l9s7caDuC36Lxiuwe7x5sfs648PhycX271 XLLOi1GBQKO79dBgXOKu4QykU1H1Weii4uORzmAZouAY/q1rPNd0PTEZz68IySFv2d0XFtfcrnYaTmuPC/91ryMNU/689LTEfzyppihLBiG5WXiqKljYZ0Ew 6EKhWAXDhZLBLxYI7LjAk1WcGlsJqzU1WsSyrK2abBAErhvAeK8pQmhXdYwpydHK+QO6cXe7VdZj0GpZ0LW4fl614Fq4PPrx1nh6kweKSu+xJaDY7bbWPu/ST JBknR7QFyXjUgfGz0a/0T0eD4dPB6E34hph0tUEekEfkgAzJETkmL8kJmRBBLPlEPpMvve/RTnQ/etgdjXprzQ75o6L9nyj0wB0=</latexit>
0.1
<latexit sha1_base64="zNbCPy/zC0h8ZiC/7UCnN47rgvA=">AAACY3icbVDLbtNAFJ2Y V0l5tKU7hDQiRSoSjeyA1HhFJRYgFqgI0laKo2o8vk5GnYc1c00wlj+BLfwFK36GJQv+g7ETIV5XGs3RuXPmnnvSQgqHYfitF1y6fOXqtY3r/c0bN2/d3treOXGmtBwm3Ehjz1LmQAoNExQ o4aywwFQq4TS9eNb2T9+BdcLot1gVMFNsrkUuOENPvQmH0fnWIByGXdF/QbQGg6dfP3x//mW3Pj7f7r1MMsNLBRq5ZM5No7DAWc0sCi6h6Selg4LxCzaHqYeaKXCzuvPa0AeeyWhurD8aac f+rqiZcq5SqX+pGC7c372WfJSq/7WnJebjWS10USJovpqVl5Kioe3uNBMWOMrKA8at8HYpXzDLOPqE+omGJTdKMZ3VSZY1dWLa5ADrBOE91jRBoSu6l0jI0Yr5Apm1ZrnXNH7SK1jStbhbLq tY5r/3Ppyxju6n3uKS2ezAN9ubdtqH/S79OI7H8SHtQDwercD4yehX+iejYfR4OHodDo5CsqoNcpfcJ/skIofkiLwgx2RCOJmTj+QT+dz7EWwGO8Hu6mnQW2vukD8quPcTUjy9Ag==</lat exit>
0.1
<latexit sha1_base64="zNbCPy/zC0h8ZiC/7UCnN47rgvA=">AAACY3icbVDLbtNAFJ2YV0l 5tKU7hDQiRSoSjeyA1HhFJRYgFqgI0laKo2o8vk5GnYc1c00wlj+BLfwFK36GJQv+g7ETIV5XGs3RuXPmnnvSQgqHYfitF1y6fOXqtY3r/c0bN2/d3treOXGmtBwm3Ehjz1LmQAoNExQo4aywwFQq4 TS9eNb2T9+BdcLot1gVMFNsrkUuOENPvQmH0fnWIByGXdF/QbQGg6dfP3x//mW3Pj7f7r1MMsNLBRq5ZM5No7DAWc0sCi6h6Selg4LxCzaHqYeaKXCzuvPa0AeeyWhurD8aacf+rqiZcq5SqX+pGC7 c372WfJSq/7WnJebjWS10USJovpqVl5Kioe3uNBMWOMrKA8at8HYpXzDLOPqE+omGJTdKMZ3VSZY1dWLa5ADrBOE91jRBoSu6l0jI0Yr5Apm1ZrnXNH7SK1jStbhbLqtY5r/3Ppyxju6n3uKS2ezAN 9ubdtqH/S79OI7H8SHtQDwercD4yehX+iejYfR4OHodDo5CsqoNcpfcJ/skIofkiLwgx2RCOJmTj+QT+dz7EWwGO8Hu6mnQW2vukD8quPcTUjy9Ag==</latexit>
0.1
<latexit sha1_base64="zNbCPy/zC0h8ZiC/7UCnN47rgvA=">AAACY3icbVDLbtNAFJ2YV 0l5tKU7hDQiRSoSjeyA1HhFJRYgFqgI0laKo2o8vk5GnYc1c00wlj+BLfwFK36GJQv+g7ETIV5XGs3RuXPmnnvSQgqHYfitF1y6fOXqtY3r/c0bN2/d3treOXGmtBwm3Ehjz1LmQAoNExQo4ay wwFQq4TS9eNb2T9+BdcLot1gVMFNsrkUuOENPvQmH0fnWIByGXdF/QbQGg6dfP3x//mW3Pj7f7r1MMsNLBRq5ZM5No7DAWc0sCi6h6Selg4LxCzaHqYeaKXCzuvPa0AeeyWhurD8aacf+rqiZ cq5SqX+pGC7c372WfJSq/7WnJebjWS10USJovpqVl5Kioe3uNBMWOMrKA8at8HYpXzDLOPqE+omGJTdKMZ3VSZY1dWLa5ADrBOE91jRBoSu6l0jI0Yr5Apm1ZrnXNH7SK1jStbhbLqtY5r/3P pyxju6n3uKS2ezAN9ubdtqH/S79OI7H8SHtQDwercD4yehX+iejYfR4OHodDo5CsqoNcpfcJ/skIofkiLwgx2RCOJmTj+QT+dz7EWwGO8Hu6mnQW2vukD8quPcTUjy9Ag==</latexit>
⌘¯
<latexit sha1_base64="QAGOWUYn5ePgHgmJVygFBW+TiV8=">AAACaHic bVHLbhMxFHWGVxteKSwQYmO1RSpSiSahUjO7SmwQC1Qk0kbKRJXHvkms+jGy7zSMRrNhw54t/AIfxC/wE+CZRIjXlSwfnevje3yc5Up6jONvneja9Rs3b21t d2/fuXvvfm/nwZm3heMw5lZZN8mYByUNjFGigknugOlMwXl2+bLpn1+B89Kad1jmMNNsYeRccoaBmqQZcykgu+jtxf24LfovGGzA3sn2R/H1x4fD04udzutU WF5oMMgV8346iHOcVcyh5Arqblp4yBm/ZAuYBmiYBj+rWsM1fRoYQefWhWWQtuzviopp70udhZOa4dL/3WvIw0z/rz0tcD6aVdLkBYLh61nzQlG0tAmACum AoyoDYNzJYJfyJXOMY4ipmxpYcas1M6JKhair1DbxAVYpwnusaIrSlHQ/VTBHJxdLZM7Z1X5dh0lvYEU34vZxomQiXB98eOs8PciCxRVz4nloNjtttc+6bfp JkoySY9qCZDRcg9HR8Ff6Z8P+4EV/+DZ8Q0zWtUWekF1yQAbkmJyQV+SUjAkninwin8mXzveoFz2KHq+PRp2N5iH5o6Ldn8HVv4g=</latexit>
 
!¯
l
<latexit sha1_base64="K3kI9QuKihhukTq5iij5ESFo3MM="></latexit>
 !¯
<latexit sha1_base64="rc6SsLzg/g pBqOfVSvd1X4HFRS0=">AAACcnicbVDLbhMxFHWGVwmvFFjBxpAiFalEk4DUZEU lFiAWqEikrRRH1R3PTWLVj5F9pyGM8idsYcmKn2HJP/ABOJMI8bqS5aN77vE9Pl mhVaA0/dZILly8dPnK1tXmtes3bt5qbd8+Cq70EofSaedPMgiolcUhKdJ4UngE k2k8zs5erPjjc/RBOfuOFgWODUytmigJFFunrZbIUROIDLxwBqdw2mqnnbQu/i/ obkD7+dcP319+uVsdnm43XovcydKgJakhhFE3LWhcgSclNS6bogxYgDyDKY4itG AwjKva+pI/ip2cT5yPxxKvu78rKjAhLEwWJw3QLPzNrZp7mfkfPSpp0h9XyhYlo ZXrXZNSc3J8FQXPlUdJehEBSK+iXS5n4EFSDKwpLM6lMwZsXok8X1bCrYJEqgTh e6q4IGUXfEdonJBX0xmB926+s1zGTW9wzjfi+nP5AvL4fPQRnA98N4sW5+DzJ5F c3bzWPm7W6Q8Gg/5gn9dg0O+tQf9Z71f6R71O92mn9zZtH6RsXVvsPnvIdlmX7b MD9oodsiGT7Jx9ZJ/Y58aP5F7yIGmvR5PGRnOH/VHJ3k93j8OC</latexit>
(c)
<latexit sha1_base64="sIlZMSH67taD cWVlH7H34yyO0f4=">AAACY3icbVHbahRBEO2deIkbL5vokyI0JsIGdJldley8BXwRE UnQTQI7S+jpqdlt0pehuybrMMwXiK/6QX6FH+C7n2DP7CLeCpo+nKrTVXU6yaVwGIbf OsHGlavXrm/e6G7dvHX7Tm9758SZwnKYcCONPUuYAyk0TFCghLPcAlOJhNPk4mWTP70 E64TR77HMYabYXItMcIaeetfn++e93XAQtkH/BcM12D3sHf/4+ub+x6Pz7c7rODW8UKC RS+bcdBjmOKuYRcEl1N24cJAzfsHmMPVQMwVuVrWz1vSxZ1KaGeuPRtqyvysqppwrVe IrFcOF+zvXkE8S9b/0tMBsPKuEzgsEzVe9skJSNLTZnabCAkdZesC4FX5cyhfMMo7eo W6sYcmNUkynVZymdRWbxjnAKkb4gBWNUeiS7sUSMrRivkBmrVnu1bXv9BaWdC1ul0tL lvrn/RzOWEf7iR9xyWz61Cebm7ba/W7rfhRF4+iAtiAaj1Zg/Hz0y/2T0WD4bPDi2H9 DSFaxSR6QR6RPhuSAHJJX5IhMCCdz8ol8Jl8634OtYCe4tyoNOmvNXfJHBA9/Apq3vJ 0=</latexit>
������
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 !¯
<latexit sha1_base64="rc6SsLzg/g pBqOfVSvd1X4HFRS0=">AAACcnicbVDLbhMxFHWGVwmvFFjBxpAiFalEk4DUZEU lFiAWqEikrRRH1R3PTWLVj5F9pyGM8idsYcmKn2HJP/ABOJMI8bqS5aN77vE9Pl mhVaA0/dZILly8dPnK1tXmtes3bt5qbd8+Cq70EofSaedPMgiolcUhKdJ4UngEk2 k8zs5erPjjc/RBOfuOFgWODUytmigJFFunrZbIUROIDLxwBqdw2mqnnbQu/i/ob kD7+dcP319+uVsdnm43XovcydKgJakhhFE3LWhcgSclNS6bogxYgDyDKY4itGAw jKva+pI/ip2cT5yPxxKvu78rKjAhLEwWJw3QLPzNrZp7mfkfPSpp0h9XyhYloZX rXZNSc3J8FQXPlUdJehEBSK+iXS5n4EFSDKwpLM6lMwZsXok8X1bCrYJEqgThe6 q4IGUXfEdonJBX0xmB926+s1zGTW9wzjfi+nP5AvL4fPQRnA98N4sW5+DzJ5Fc3b zWPm7W6Q8Gg/5gn9dg0O+tQf9Z71f6R71O92mn9zZtH6RsXVvsPnvIdlmX7bMD9 oodsiGT7Jx9ZJ/Y58aP5F7yIGmvR5PGRnOH/VHJ3k93j8OC</latexit>
S
( 
!¯
)
<latexit sha1_base64="Z366mx+tkLV7iI4LSz0or0hwTFU="></latexit>
(b)
<latexit sha1_base64="v8LXIIlzJIQe jXlWBtl8UdkhHKo=">AAACY3icbVHbahRBEO2deIkbL5vokyI0JsIG4jK7BrLzFvBFR CRBNwnsLKGnp2a3SV+G7hrXYZgvEF/1g/wKP8B3P8Ge2UW8FTR9OFWnq+p0kkvhMAy/ dYKNa9dv3Ny81d26fefuvd72zpkzheUw4UYae5EwB1JomKBACRe5BaYSCefJ1Ysmf/4 erBNGv8Myh5licy0ywRl66m0/2b/s7YaDsA36Lxiuwe5x7/TH19cPP55cbndexanhhQ KNXDLnpsMwx1nFLAouoe7GhYOc8Ss2h6mHmilws6qdtaZPPZPSzFh/NNKW/V1RMeVcq RJfqRgu3N+5hjxI1P/S0wKz8awSOi8QNF/1ygpJ0dBmd5oKCxxl6QHjVvhxKV8wyzh 6h7qxhiU3SjGdVnGa1lVsGucAqxjhA1Y0RqFLuhdLyNCK+QKZtWa5V9e+0xtY0rW4XS 4tWeqf93M4Yx3tJ37EJbPpM59sbtpq97ut+1EUjaMj2oJoPFqB8eHol/tno8Hw+WB06 r8hJKvYJI/IE9InQ3JEjslLckImhJM5+UQ+ky+d78FWsBM8WJUGnbXmPvkjgsc/AZfD vJk=</latexit>
⌘¯ =  0.5
<latexit sha1_base64="IZapFrqkMteVXuvu5TSJlFOXEgQ=">AAACbnicbVFdax QxFM2OX+361Sr4ImKwFVZol9lV6c6DUPBFfJAKblvYrCWTubMbOkmG5I7rMMyLL/4FX/XdH+S/8B9oZmYRvy6EHM7NyT05ifNMOgzDb73gwsVLl69sbPavXrt+4+bW9q1j ZworYCpMZuxpzB1kUsMUJWZwmlvgKs7gJD5/3vRP3oF10ug3WOYwV3yhZSoFR0+9ZTG3DJA/2w+HT/tnWzvhMGyL/gtGa7BzuPkx+frjw97R2XbvJUuMKBRoFBl3bjYKc5 xX3KIUGdR9VjjIuTjnC5h5qLkCN69a2zV96JmEpsb6pZG27O+KiivnShX7k4rj0v3da8i9WP2vPSswncwrqfMCQYtuVlpkFA1tYqCJtCAwKz3gwkpvl4olt1ygD6vPNKyEU YrrpGJJUlfMNCECVgzhPVaUodQl3WUZpGjlYoncWrParWs/6RWs6FrcPi4peeKv9z6csY4OYm9xxW2y75vNTlvtoy79KIom0QFtQTQZd2DyZPwr/ePxcPR4OH7tvyEkXW2 Qu+QBGZAROSCH5AU5IlMiiCWfyGfypfc9uBPcC+53R4PeWnOb/FHB4CfDfcDL</latexit>
⌘¯ = 0.5
<latexit sha1_base64="sAbjMUepzEcwZ62jSDwruM/+M0w=">AAACbXicbVHL btQwFPWEVzu8WhArELJoEUUqo8wU1MkCqRIbxAIViWkrjaPKcW5mrMZ2at8wRFE2bPgEtvABfBBfwSeAJxkhXleyfHSuj+/xcVLk0mEYfusFFy5eunxlbb1/9dr1Gzc 3Nm8dOVNaARNhcmNPEu4glxomKDGHk8ICV0kOx8nZi2X/+B1YJ41+i1UBseIzLTMpOHoqZgm3DJA/DwfP+qcbW+EgbIv+C4YrsHWw/jH9+uPD7uHpZu8VS40oFWgUOX duOgwLjGtuUYocmj4rHRRcnPEZTD3UXIGL69Z1Qx96JqWZsX5ppC37u6LmyrlKJf6k4jh3f/eW5G6i/teelpiN41rqokTQopuVlTlFQ5cp0FRaEJhXHnBhpbdLxZxbL tBn1WcaFsIoxXVaszRtamaWGQLWDOE91pSh1BXdZjlkaOVsjtxas9huGj/pNSzoStw+Lq146q/3Ppyxju4k3uKC2/SJby532mofd+lHUTSO9mkLovGoA+Ono1/pH40G w73B6I3/hpB0tUbukgdkhwzJPjkgL8khmRBBzskn8pl86X0P7gT3gvvd0aC30twmf1Tw6CdAd8CU</latexit>
No ¯2
<latexit sha1_base64="80umLzCp3xIdzshxga/3zpZuvZU=">AAACenicbVFdaxNBFJ1s /ajxK1UEwZehrdBiDZtYaPJW8EV8KBVMW8jEcHf2Jhk6O7PM3DWGZf01vup/8E8IPvlHBJ1sgvh1YZjDuffMvfdMkmvlKY6/NqKNK1evXd+80bx56/adu62te2feFk7iQFpt3UUCHrUyOCBF Gi9yh5AlGs+Ty+fL/PlbdF5Z85oWOY4ymBo1URIoUOPWw1JI0PykGluRgBM6SFN4022OWztxO66D/ws6a7BzvPHlx+cH3/B0vNV4KVIriwwNSQ3eDztxTqMSHCmpsWqKwmMO8hKmOAzQQIZ+ VNYrVPxxYFI+sS4cQ7xmf1eUkHm/yJJQmQHN/N+5JXmQZP9LDwua9EalMnlBaOSq16TQnCxfWsJT5VCSXgQA0qkwLpczcCApGNcUBufSZhmYtBRpWpXCLg1FKgXhOyq5IGUWfFdonJBT0xmB c3a+W1Wh0wnO+VpcL5cuIA3Phzm8dZ7vJWHEObj0aUgub15r91fu9/v9Xv+I16Df665A77D7y/2zbrvzrN19Fb4hZqvYZI/YNttjHXbEjtkLdsoGTLL37AP7yD41vkfb0X70ZFUaNdaa++yP iA5/Ahvixn4=</latexit>
0.01
<latexit sha1_base64="z0Q9sr4AnGerZF+U6u4v0uK2S4k=">AAACZXicbVDLbtN AFJ24PEqg0JaKDQtGpEhFgsgOSI1XVGIBYoGKRNpKcVSNx9fJqPOwZq4JwfI3sIWfYMXPsGTFbzC2I8TrSqN7dM49cx9pIYXDMPzWCzYuXb5ydfNa//qNrZu3tnd2T5wpLYcJN 9LYs5Q5kELDBAVKOCssMJVKOE0vnjf66TuwThj9FlcFzBSba5ELztBTk3AYRv3z7YHPbdB/QbQGg2dfP3x/8WWvOj7f6b1KMsNLBRq5ZM5No7DAWcUsCi6h7ielg4LxCzaHqYe aKXCzqp22pg88k9HcWP800pb93VEx5dxKpb5SMVy4v7WGfJSq/8nTEvPxrBK6KBE073rlpaRoaLM9zYQFjnLlAeNW+HEpXzDLOPob9RMNS26UYjqrkiyrq8Q0twOsEoT3WNEEh V7R/URCjlbMF8isNcv9uvadXsOSrs3tctmKZf57P4cz1tGD1I+4ZDZ77MUm09b7sLt+HMfj+JC2IB6POjB+Ovp1/ZPRMHoyHL0JB0ch6WKT3CX3yQGJyCE5Ii/JMZkQTgT5SD6 Rz70fwVawF9zpSoPe2nOb/BHBvZ8Rrr1Q</latexit>
0.01
<latexit sha1_base64="z0Q9sr4AnGerZF+U6u4v0uK2S4k=">AAACZXicbVDLbtN AFJ24PEqg0JaKDQtGpEhFgsgOSI1XVGIBYoGKRNpKcVSNx9fJqPOwZq4JwfI3sIWfYMXPsGTFbzC2I8TrSqN7dM49cx9pIYXDMPzWCzYuXb5ydfNa//qNrZu3tnd2T5wpLYcJN 9LYs5Q5kELDBAVKOCssMJVKOE0vnjf66TuwThj9FlcFzBSba5ELztBTk3AYRv3z7YHPbdB/QbQGg2dfP3x/8WWvOj7f6b1KMsNLBRq5ZM5No7DAWcUsCi6h7ielg4LxCzaHqYe aKXCzqp22pg88k9HcWP800pb93VEx5dxKpb5SMVy4v7WGfJSq/8nTEvPxrBK6KBE073rlpaRoaLM9zYQFjnLlAeNW+HEpXzDLOPob9RMNS26UYjqrkiyrq8Q0twOsEoT3WNEEh V7R/URCjlbMF8isNcv9uvadXsOSrs3tctmKZf57P4cz1tGD1I+4ZDZ77MUm09b7sLt+HMfj+JC2IB6POjB+Ovp1/ZPRMHoyHL0JB0ch6WKT3CX3yQGJyCE5Ii/JMZkQTgT5SD6 Rz70fwVawF9zpSoPe2nOb/BHBvZ8Rrr1Q</latexit>
do =  0.4
<latexit sha1_base64="9n9kZQ6tuV1TKNw0N1Jt6tdfBO A=">AAACaHicbVFdixMxFE1n/VjrV1cREV/C7gor7JZpXdjOg7Dgi/ggK9jdQqeUTHKnDZtJhuSOdRjmT/iqf8Y/Ifjku39 CM9Mifl0IOZybk3tykuRKOgzDr51g68rVa9e3b3Rv3rp9525v5965M4XlMOZGGTtJmAMlNYxRooJJboFliYKL5PJF0794B 9ZJo99imcMsYwstU8kZemoi5ub5Udg/nvf2wn7YFv0XDDZg73Try4/PD77B2Xyn8yoWhhcZaOSKOTcdhDnOKmZRcgV1Ny4c 5IxfsgVMPdQsAzerWsM1feIZQVNj/dJIW/Z3RcUy58os8Sczhkv3d68hD5Psf+1pgeloVkmdFwiar2elhaJoaBMAFdICR1V 6wLiV3i7lS2YZRx9TN9aw4ibLmBZVLERdxaaJD7CKEd5jRWOUuqT7sYIUrVwskVlrVvt17Se9hhXdiNvHiZIJf7334Yx19C DxFlfMiiPfbHbaap922/SjKBpFJ7QF0Wi4BqPj4a/0z4f9wbP+8I3/hpCsa5s8JrvkgAzICTklL8kZGRNOFPlAPpJPne9BL 3gYPFofDTobzX3yRwW7PwH7nL8z</latexit>
0.8
<latexit sha1_base64="tNqjyrLyeFVs416zRj8RtaOG7PU=">AAACY3icbVDLbtNA FJ2YV0l5tKU7hDQiRSoSRE4A1V5RiQWIBSqCtJXiqBqPr5NR52HNXBOM5U9gC3/Bip9hyYL/YOxEiNeVRnN07py55560kMJhGH7rBRcuXrp8ZeNqf/Pa9Rs3t7Z3jp0pLYcJN9LY 05Q5kELDBAVKOC0sMJVKOEnPn7X9k3dgnTD6LVYFzBSba5ELztBTb8JhdLY1CIdhV/RfMFqDwdOvH74//7JbH51t914mmeGlAo1cMuemo7DAWc0sCi6h6Selg4LxczaHqYeaKXC zuvPa0HueyWhurD8aacf+rqiZcq5SqX+pGC7c372WfJCq/7WnJebRrBa6KBE0X83KS0nR0HZ3mgkLHGXlAeNWeLuUL5hlHH1C/UTDkhulmM7qJMuaOjFtcoB1gvAea5qg0BXdSy TkaMV8gcxas9xrGj/pFSzpWtwtl1Us8997H85YR/dTb3HJbPbQN9ubdtr7/S79OI6j+IB2II7GKxA9Hv9K/3g8HD0aPnkdDg5DsqoNcpvcJftkRA7IIXlBjsiEcDInH8kn8rn3I9 gMdoLd1dOgt9bcIn9UcOcnYR29DA==</latexit>
1.0
<latexit sha1_base64="kflDgcypyt4Nmbs4WS66wtPsuhg=">AAACY3icbVDLbtNA FJ2YV0l5tKU7hDQiRSoSRHYANV5RiQWIBSqCtJXiqBqPr5NR52HNXBOM5U9gC3/Bip9hyYL/YOxEiNeVRnN07py55560kMJhGH7rBRcuXrp8ZeNqf/Pa9Rs3t7Z3jp0pLYcJN9LY 05Q5kELDBAVKOC0sMJVKOEnPn7X9k3dgnTD6LVYFzBSba5ELztBTb6JheLY1CIdhV/RfEK3B4OnXD9+ff9mtj862ey+TzPBSgUYumXPTKCxwVjOLgkto+knpoGD8nM1h6qFmCty s7rw29J5nMpob649G2rG/K2qmnKtU6l8qhgv3d68lH6Tqf+1pifl4VgtdlAiar2blpaRoaLs7zYQFjrLygHErvF3KF8wyjj6hfqJhyY1STGd1kmVNnZg2OcA6QXiPNU1Q6IruJR JytGK+QGatWe41jZ/0CpZ0Le6WyyqW+e+9D2eso/upt7hkNnvom+1NO+39fpd+HMfj+IB2IB6PVmD8ePQr/ePRMHo0fPI6HByGZFUb5Da5S/ZJRA7IIXlBjsiEcDInH8kn8rn3I9 gMdoLd1dOgt9bcIn9UcOcnUzS9BQ==</latexit>
FIG. 4. The photon emission spectra: (a) and (b) Solid
(dashed) lines mark lasing state without inversion (normal
state) emission with the coupling threshold Noλ¯l = 0.2. The
inset to panel (a) shows mean-field calculated lasing frequency
shift. (c) Same as (a) and (b) but for the regular lasing
above the inversion characterized by the coupling threshold
Noλ¯l = 0.04.
the crossover region could demonstrate the lasing fea-
tures. Finally, Fig. 4(c) compares the emission spectra
for the regular lasing regime shown in Fig. 2 (c). Com-
pared to the broad spectral distribution of the photons
(dashed lines) emitted below the lasing critical coupling,
the spectra associated with the lasing phase demonstrate
sharp monochromatic emission feature. The spectral po-
sition of the latter features are in quantitative agreement
with the predictions of Eq. (19) plotted in the inset.
Comparing the insets in panels (a) and (c) of Fig. 4,
we notice that given the same sign of the dissipative cou-
pling strength, the lasing frequency shift for the lasing
without inversion and regular lasing regimes shows oppo-
site signs. This trend resembles the behavior predicted
for the counter-rotating (also known as the inverted) and
7regular lasing regimes using a generalization of the Dicke
model reported in Refs. [27–29, 37]. Furthermore, the
counter-rotating lasing occurs below the population in-
version, do < 0, and has a phase boundary with the su-
perradiant state.
However, the physical mechanisms leading to the las-
ing without inversion reported here and the counter-
rotating lasing are different. In the former case, a gain
occurs as the result of the reservoir facilitated energy
flow from the SPCM to the QEs. This results in the
energy supply to the QEs that overrides their losses.
In the case of the counter-rotating lasing, a cavity co-
herent emission is facilitated by the counter rotating,
HˆCR = λ
∑
n(ψˆsˆ
−
n + ψˆ
†sˆ+n ), term. To reach the counter-
rotating lasing an imbalance between the rotating and
the counter rotating terms is required. As demonstrated
for atoms in a high finesse optical cavity, such an imbal-
ance can be engineered using coherent Raman processes
due to external laser fields.[37, 38] In contrast, the las-
ing without inversion predicted in this paper does not
originate from the imbalanced counter-rotating terms but
rather emerges due to the SPCM-QM interaction facili-
tated by a reservoir.
V. CONCLUSIONS
Using the mean-field and second moment analysis we
identified the superradiant, lasing without inversion and
regular lasing states appearing in the phase diagram of
driven-dissipative plasmonic Dicke model as a result of
interplay between the coherent and dissipative SPCM-
QE interaction pathways. In the limit of no dissipative
coupling, we recover the results for the open Dicke and
Tavis-Cummings model reported in the literature. In-
clusion of the dissipative coupling extends the superradi-
ant and regular lasing states into the dissipative coupling
region and results in the emergent lasing without inver-
sion state. The latter stems from the incoherent energy
transfer between the SPCM and the QEs. The calcu-
lated emission spectra show quantitative agreement with
the predictions of the the mean-field theory. The trends
for the peak variations and the line shape behavior with
respect to the strengths of the dissipative coupling can
be used for a spectroscopic identification of the predicted
states.
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Appendix A: Coherent and dissipative couplings
facilitated by the photon continuum
Let us consider an array of QEs and metal nanopar-
ticles shown in Fig. 1 (a). Each metal nanoparticle is
assigned local surface plasmon (LSP) mode giving rise to
the collective SPCM. Contribution of the dark plasmon
mode is neglected in this Appendix. Further adopting
the dipolar gauge [39], we treat interactions between the
array components via quantized transverse electric field
(i.e., transverse photons). The Hamiltonian of such a
system is
Hˆ = Hˆph + Hˆsp + Hˆqe, (A1)
where the first term stands for the non-interacting photon
modes
Hˆph =
∑
q,λ=1,2
ωqaˆ
†
qλaˆqλ, (A2)
with aˆ†qλ being a creation operator for a mode with the
wave vector q and state of polarization λ. The photon
frequency is ωq = c|q| with c being speed of light.
The second and the third terms in the Hamilto-
nian (A1)
Hˆsp =
∑
m¯
~ωm¯ψˆ†m¯ψˆm¯ −
∑
m¯
pˆm¯ · Eˆ⊥m¯, (A3)
Hˆqe =
∑
n
~ωn
(
sˆzn +
1
2
)
−
∑
n
µˆn · Eˆ⊥n , (A4)
stand for the LSPs localized at sites m¯ having energy
~ωm¯ and described by the Bose operators {ψˆm¯, ψˆ†m¯} and
the QEs with energies ~ωn described by the site spin
operators sˆαn, α = z,±, respectively. The LSPs and QEs
are coupled via transition dipole operators
pˆm¯ = pm¯(ψˆ
†
m¯ + ψˆm¯), (A5)
µˆn = µn
(
sˆ+n + sˆ
−
n
)
, (A6)
to the electric field Eˆ⊥m¯ ≡ Eˆ⊥(rm¯) and Eˆ⊥n ≡ Eˆ⊥(rn)
with pm¯ and µn being the LSP and QE transition dipole
matrix elements. The transverse electric field operator is
Eˆ⊥(r) = i
∑
q,λ=1,2
Eqλ
(
aˆqλe
iq·r − aˆ†qλe−iq·r
)
, (A7)
where the amplitude
Eqλ =
(
~ωq
2εoV
)1/2
eqλ, (A8)
8depends on the mode polarization vector eqλ, quantiza-
tion volume V , and vacuum permittivity εo.
The Heisenberg equations of motion for the LSP and
QE operators due to the Hamiltonian (A1)–(A4) are
∂tψˆm¯ = −iωm¯ψˆm¯ + i~pm¯ · Eˆ
⊥
m¯, (A9)
∂tsˆ
−
n = −iωnsˆ−n −
2i
~
: µn · Eˆ⊥n sˆzn :, (A10)
∂tsˆ
z
n = −
i
~
: µn · Eˆ⊥n (sˆ−n − sˆ+n ) :, (A11)
where : AˆBˆ : denotes operators’ Aˆ and Bˆ normal order-
ing.
By integrating the photon field operator equation of
motion
∂taˆqλ = −iωqaˆqλ + 1~
∑
m¯
pˆm¯ · Eqλe−iq·rm¯ (A12)
+
1
~
∑
n
µˆn · Eqλe−iq·rn ,
and substituting the result into Eq. (A7), one partitions
the electric field operator at site α = {m¯, n} into three
components [40]
Eˆ⊥α (t) = Eˆ
⊥
in,α + Eˆ
⊥
s,α + Eˆ
⊥
rr,α. (A13)
The first term,
Eˆ⊥in,α(t) = i
∑
q,λ=1,2
Eqλ
(
aˆqλ(to)e
−iωq(t−to)+iq·rα(A14)
−aˆ†qλ(to)eiωq(t−to)−iq·rα
)
,
is the input field due to the photon field initial condition
at time to propagated to time t by the interaction free
photon Hamiltonian (A2). We identify this field as the
vacuum fluctuations.
The second term in Eq. (A13) describes the field pro-
duced by dipoles at their own positions
Eˆ⊥rr,m¯ = lim
rm¯→0
↔
G(rm¯) · pˆm¯(t− rm¯/c), (A15)
Eˆ⊥rr,n = lim
rn→0
↔
G(rn) · µˆn(t− rn/c), (A16)
known as the radiation reaction field. The third term in
Eq. (A13) describes the scattered field
Eˆ⊥s,m¯ =
∑
m¯′ 6=m¯
↔
Gm¯m¯′ · pˆm¯′(t− rm¯m¯′/c) (A17)
+
∑
n
↔
Gm¯n · µˆn(t− rm¯n/c),
Eˆ⊥s,n =
∑
m¯
↔
Gnm¯ · pˆm¯(t− rnm¯/c), (A18)
due to the polarization of the QE and LSP dipoles sur-
rounding either the m¯-th LSP or n-th QE. Here, rαβ =
|rα − rβ | and α, β = {m¯, n}. Notice that Eq. (A18), ne-
glects the contribution of the QEs and as a result the QE-
QE interactions, justified by, pm¯  µn. Finally, the pho-
ton time-domain dyadic Green function
↔
Gαβ =
↔
G(rαβ)
entering Eqs. (A15)–(A18) is
↔
G(r) =
1
4piε0
{(
n⊗ n−
↔
I
) ∂2t
c2r
(A19)
+
(
3n⊗ n−
↔
I
)( ∂t
cr2
+
1
r3
)}
,
where
↔
I is the unit 3× 3 matrix and n = r/r is a direc-
tional unit vector.
Next, we use Eqs. (A9) and (A10) to eliminate the
time derivatives in the right-hand-side of Eqs. (A15)–
(A18) following by the short-time operator expansions
ψˆm¯′(t−rαm¯′/c) ≈ ψˆm¯′(t)eiωm¯′rαm¯′/c and sˆ−n′(t−rαn′/c) ≈
sˆ−n′(t)e
iωn′rαn′/c. This results in the radiation reaction
terms describing the spontaneous radiative decay of the
LSPs and QEs
i
~
pm¯ · Eˆ⊥rr,m¯ = −
κm¯
2
(ψˆm¯ − ψˆ†m¯), (A20)
i
~
µn · Eˆ⊥rr,n = −
κn
2
:
(
1 + Πˆn
)
(sˆ−n − sˆ+n ) :, (A21)
with associated rates
κm¯ =
p2m¯ω
3
m¯
3piεo~c3
, (A22)
κn =
µ2nω
3
n
3piεo~c3
, (A23)
respectively. According to Eq. (A21), the energy transfer
from QEs to LSP enhances the QE dephasing/decay rate
as indicated by the polarization operator
Πˆn =
∑
m¯
(
2λnm¯
ωn
)2 (
2ψˆ†m¯ψˆm¯ + 1
)
. (A24)
Respectively, evaluation of the scattered field for the
LSPs and QEs gives
9i
~
pm¯ · Eˆ⊥s,m¯ = −i
∑
m¯′ 6=m¯
λm¯m¯′(ψˆm¯′ + ψˆ
†
m¯′)−
∑
m¯′ 6=m¯
ηm¯m¯′(ψˆm¯′ − ψˆ†m¯′) (A25)
−i
∑
n
λm¯n(sˆ
−
n + sˆ
+
n )−
∑
n
ηm¯n(sˆ
−
n − sˆ+n ),
i
~
µn · Eˆ⊥s,n = −i
∑
m¯
λnm¯(ψˆm¯ + ψˆ
†
m¯)−
∑
m¯
ηnm¯(ψˆm¯ − ψˆ†m¯). (A26)
Here, the coherent, λαβ , and dissipative, ηαβ , coupling
parameters naturally appear after elimination of the pho-
ton degrees of freedom and have the following represen-
tation
λαβ =
3dα
4dβ
κβ
[
−ξαβ cos(qβrαβ)
qβrαβ
+ ζαβ
(
sin(qβrαβ)
(qβrαβ)2
+
cos(qβrαβ)
(qβrαβ)3
)]
, (A27)
ηαβ =
3dα
4dβ
κβ
[
ξαβ
sin(qβrαβ)
qβrαβ
+ ζαβ
(
cos(qβrαβ)
(qβrαβ)2
− sin(qβrαβ)
(qβrαβ)3
)]
, (A28)
where
ξαβ = nα · nβ − (nαβ · nα)(nαβ · nβ), (A29)
ζαβ = nα · nβ − 3(nαβ · nα)(nαβ · nβ), (A30)
and nα = dα/dα, nβ = dβ/dβ , nαβ = rαβ/rαβ , qβ =
ωβ/c, and rαβ = |rα−rβ | with α, β = {m¯, n}; dm¯ = pm¯,
dn = µn. The spontaneous decay rates κβ , β = {m¯, n}
are given in Eqs. (A22) and (A23).
The substitution of Eq. (A13) along with Eqs. (A20),
(A21), (A25), and (A26) into Eqs. (A9)–(A11) results in
a set of quantum Langevin equations for coupled LSP
and QE operators
∂tψˆm¯ = −iωm¯ψˆm¯ − κm¯
2
(
ψˆm¯ − ψˆ†m¯
)
− i
∑
m¯′ 6=m¯
λm¯m¯′(ψˆm¯′ + ψˆ
†
m¯′)−
∑
m¯′ 6=m¯
ηm¯m¯′(ψˆm¯′ − ψˆ†m¯′) (A31)
−i
∑
n
λm¯n(sˆ
−
n + sˆ
+
n )−
∑
n
ηm¯n(sˆ
−
n − sˆ+n ) +
i
~
pm¯ · Eˆ⊥in,m¯,
∂tsˆ
−
n = −iωnsˆ−n −
κn
2
:
(
1 + Πˆn
)
(sˆ−n − sˆ+n ) : +2i
∑
m¯
λnm¯ : sˆ
z
n(ψˆm¯ + ψˆ
†
m¯) : (A32)
+2
∑
m¯
ηnm¯ : sˆ
z
n(ψˆm¯ − ψˆ†m¯) : −
2i
~
: µn · Eˆ⊥in,nsˆzn :,
∂tsˆ
z
n = −κn
(
1 + Πˆn
)(
sˆzn +
1
2
)
+ i
∑
m¯
λnm¯ : (sˆ
−
n − sˆ+n )(ψˆm¯ + ψˆ†m¯) : (A33)
+
∑
m¯
ηnm¯ : (sˆ
−
n − sˆ+n )(ψˆm¯ − ψˆ†m¯) : −
i
~
: µn · Eˆ⊥in,n(sˆ−n − sˆ+n ) : .
According to Eqs. (A31)–(A33), the photon continuum
fluctuations (i.e., Eˆ⊥in) result in cooperative dissipation
processes such as spontaneous radiative decay of LSPs
including the superradiant emission due to the LSP-LSP
coupling with the rate ηm¯m¯′ , the QE radiative decay, and
the LSP-QE dissipative coupling with the rate ηnm¯.
The Dicke model assumes identical LSP (QE), frequen-
cies ωm¯ = ωsp (ωn = ωo) and transition dipoles pm¯ = p
(µn = µ) corresponding to identical spontaneous radia-
tive decay rates κm¯ = κsp (κn = κo). Furthermore, we
introduce collective LSP modes characterized by momen-
tum k
ψˆk =
1√
N¯
N¯∑
m¯=1
ψˆm¯e
−ikm¯, (A34)
where N¯ is the number of metal nanoparticles in the
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array. Identifying the SPCM as the k = 0 collective
mode, ψˆ ≡ ψˆk=0, we simplify Eqs. (A31)–(A33) to the
following form
∂tψˆ = −i(ωsp + λsp)ψˆ − 1
2
(κsp + ηsp)(ψˆ − ψˆ†)− iλ
∑
n
(
sˆ−n + sˆ
+
n
)− η∑
n
(
sˆ−n − sˆ+n
)
+
i
~
p · Eˆ⊥in,sp, (A35)
∂tsˆ
−
n = −iωosˆ−n −
1
2
[
κo + γspψˆ
†ψˆ
]
(sˆ−n − sˆ+n ) + 2iλ : sˆzn(ψˆ + ψˆ†) : +2η : sˆzn(ψˆ − ψˆ†) : −
2i
~
: µ · Eˆ⊥in,nsˆzn :, (A36)
∂tsˆ
z
n = −
[
κo + γspψˆ
†ψˆ
](
sˆzn +
1
2
)
+ iλ :
(
sˆ−n − sˆ+n
)
(ψˆ + ψˆ†) : +η :
(
sˆ−n − sˆ+n
)
(ψˆ − ψˆ†) : (A37)
− i
~
: µ · Eˆ⊥in,n(sˆ−n − sˆ+n ) :,
where
Eˆ⊥in,sp =
1√
N¯
N¯∑
m¯=1
Eˆ⊥in,m¯. (A38)
In Eqs. (A35)–(A37), the SPCM band edge renormaliza-
tion, superradiant decay, and the QE plasmon assisted
spontaneous decay rates are
λsp =
1
N¯
N¯−1∑
m¯=1
λm¯N¯ , (A39)
ηsp =
2
N¯
N¯−1∑
m¯=1
ηm¯N¯ , (A40)
γsp = 2N¯κsp
(
λ
ωo
)2
, (A41)
respectively. Respectively, the SPCM-QE coherent, λ,
and dissipative, η coupling rates are
λ =
1√
N¯
N¯∑
m¯=1
λnm¯, (A42)
η =
1√
N¯
N¯∑
m¯=1
ηnm¯. (A43)
Above, we also assumed that the QEs are arranged so
that each has identical coherent and dissipative coupling
rates to the SPCM.
The model represented by Eqs. (A35)–(A43) recov-
ers the generalized Dicke model introduced in Sec. II,
provided the counter-rotating dissipative terms and the
plasmon assisted QE decay operator (i.e., γspψˆ
†ψˆ) are
dropped and the SPCM and QE nonradiative decay and
dephasing rates are added.
Appendix B: Two-mode surface plasmon model
allowing for a dissipative coupling
The Dicke Hamiltonian accounting for two surface
plasmon modes coupled to the QEs and with each other
reads
Hˆ = Ωφˆ†φˆ+ ωoψˆ†ψˆ + ωo
(∑
n
sˆzn +
No
2
)
(B1)
+ζQˆqˆ + 2
(
ξQˆ+ λqˆ
)∑
n
sˆxn.
Here and below, the quadrature representation Qˆ = φˆ+
φˆ†, qˆ = ψˆ+ ψˆ†, sˆxn = (s
+
n + sˆ
−
n )/2, and sˆ
y
n = i(s
−
n − sˆ+n )/2
is used for the sake of brevity. The coupling parameters
ζ, ξ, and λ can be obtained microscopically in the dipole-
dipole approximation using an approach developed in
Ref. [14].
A set of the Heisenberg equations of motion due to the
Hamiltonian (B1) reads
∂tφˆ = −(iΩ + Λ)φˆ− iζqˆ − 2iξ
∑
n
sˆxn, (B2)
∂tψˆ = −(iωo + Γsp)ψˆ − iζQˆ− 2iλ
∑
n
sˆxn, (B3)
∂tsˆ
−
n = − (iωo + Γo) sˆ−n + 2isˆzn
(
ξQˆ+ λqˆ
)
, (B4)
∂tsˆ
z
n = −γo(sˆzn − do/2) + 2sˆyn
(
ξQˆ+ λqˆ
)
, (B5)
where the SPCM dephasing rate Γsp, the QE dephasing,
Γo = (γ↓/2+γ↑/2+γφ) and population decay γo = γ↓+γ↑
rates, and the inversion parameter do = (γ↑ − γ↓)/(γ↑ +
γ↓) are added as discussed in Sec. II.
Integrating Eq. (B2) in the Markovian approxima-
tion, and neglecting the counter-rotating terms contain-
ing e(ωo+Ω)t
′
gives
φˆ(t) = φˆ(0)e−(iΩ+Λ)t (B6)
− ∆ + iΛ
∆2 + Λ2
[
ζψˆ(t) + ξ
∑
n
sˆ−n (t)
]
,
with the detuning ∆ = Ω−ωo. Taking into account that
the dark plasmon mode is broad, ∆  Λ, we can safely
set ∆ = 0 in Eq. (B6) and neglect contribution of the
initial condition φˆ(0) which should decay at time t.
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By making substitution of Eq. (B6) with ∆ = 0 and
φˆ(0) = 0 into Eqs. (B3)–(B5), we obtain our final set
of operator equations where the dark plasmon mode is
integrated out
∂tψˆ = −(iωo + γsp)ψˆ − ηsp(ψˆ − ψˆ†)− iλ
∑
n
(
sˆ−n + sˆ
+
n
)− iη∑
n
(
sˆ−n − sˆ+n
)
, (B7)
∂tsˆ
−
n = − (iωo + γo) sˆ−n − ηqe(sˆ−n − sˆ+n ) + 2ηqe : szn
∑
m 6=n
(
sˆ−m − sˆ+m
)
: +iλ : sˆzn(ψˆ + ψˆ
†) : −η : sˆzn
(
ψˆ − ψˆ†
)
:, (B8)
∂tsˆ
z
n = −γt
(
sˆzn −
do
2
)
− 2ηqe
(
sˆzn +
1
2
)
+ ηqe :
(
sˆ−n − sˆ+n
) ∑
m 6=n
(
sˆ−m − sˆ+m
)
: +iλ :
(
sˆ−m − sˆ+m
)
(ψˆ + ψ†) : (B9)
+ :
(
sˆ−n − sˆ+n
)
(ψˆ + ψ†) :,
Here : AˆBˆ : denotes operators’ Aˆ and Bˆ normal order-
ing. Due to the darks plasmon mode Eqs. (B7)–(B9)
aquire the dissipative rates ηsp = ζ
2/Λ, ηqe = ξ
2/Λ, and
η = ξζ/Λ, describing the SPCM decay, QEs cooperative
decay, and the SPCM-QE dissipative coupling, respec-
tively.
The generalized Dicke model in Sec. II can be
recovered from Eqs. (B7)–(B9) by neglecting the
terms 2ηqe : s
z
n
∑
m6=n (sˆ
−
m − sˆ+m) : and ηqe :
(sˆ−n − sˆ+n )
∑
m6=n (sˆ
−
m − sˆ+m) : and subsequently dropping
the counter-rotating dissipative terms.
Appendix C: Generalized Tavis-Cummings Model
We generalize a driven-dissipative Tavis-Cummings
model by including the dissipative coupling between the
SPCM and QEs. Associated equations of motion
∂τψ = −
(
i+ Γ¯sp
)
ψ − λ¯(i+ η¯)Nos−, (C1)
∂τs− = −
(
i+ Γ¯o
)
s− + 2λ¯(i+ η¯)szψ, (C2)
∂τsz = −γ¯o(sz − do/2) + 2λ¯Re [(i− η¯)ψ∗s−] , (C3)
result from Eqs. (4)-(6) after applying the rotating wave
approximation.
We further break the U(1) gauge symmetry of
Eqs. (C1)–(C3) by fixing the phase ψ → eiω¯lτψ, s− →
eiω¯lτs− with ω¯l = ωl/ωo to be identified as the normal-
ized lasing frequency. As a result, the equations of motion
for the coherences become
∂τψ = −
(
iδω¯l + Γ¯sp
)
ψ − λ¯(i+ η¯)Nos−, (C4)
∂τs− = −
(
iδω¯l + Γ¯o
)
s− + 2λ¯(i+ η¯)szψ, (C5)
where δω¯l = 1 − ω¯l denotes a normalized frequency de-
tuning. Eq. (C3) does not change under such a transfor-
mation. Using the steady state solution of Eq. (C5)
s− =
2λ¯(i+ η¯)
iδω¯l + Γ¯o
szψ, (C6)
we eliminate s− in Eq. (C4) and in the steady state so-
lution of Eq. (C3) to obtain
∂τψ = −
[(
iδω¯l + Γ¯sp
)
+ 2λ¯2No (i+ η¯)
2
iδω¯l + Γ¯o
sz
]
ψ,(C7)
sz =
do
2
[
1 + 4λ¯2
Γ¯o
γ¯o
1 + η¯2
δω¯2l + Γ¯
2
o
|ψ|2
]−1
. (C8)
The lasing threshold can be found by equating to zero
both the real and imaginary parts of the expression in the
square brackets of Eq. (C7). Roots of these two equation
with respect to δω¯l and sz stand for the lasing frequency
detuning, δω¯l(η¯), Eq. (19), and the expression for the
steady state population inversion
sz =
do
2
λ¯2l (η¯)
Noλ¯2
. (C9)
Here, the critical coupling λ¯2l (η¯) is defined by Eq. (10)
and the expression is valid for λ¯2l (η¯) ≤ λ¯2. Finally, mak-
ing the substitution of Eq. (C9) into Eq. (C8), one finds
the order parameter,
|ψ|2 = γ¯o(δω¯
2
l (η¯) + Γ¯
2
o)
4Γ¯oλ¯2l (η¯)(1 + η¯
2)
(
1− λ¯
2
l (η¯)
Noλ¯2
)
, (C10)
representing the SPCM spontaneous coherence for λ¯2 ≥
λ¯2l (η¯). Expression for the QE spontaneous coherence
|s−|2 = γ¯oλ¯
2
l (η¯)
Γ¯oNoλ¯2
(
1− λ¯
2
l (η¯)
Noλ¯2
)
, (C11)
follows from Eqs. (C6) and (C10)
Appendix D: Evaluation of output electric field and
photon emission energy spectrum
Taking into account that the surface plasmon transi-
tion dipole exceeds the QE ones, i.e., psp  µ, the cavity
emission is mostly contributed by the SPCM which in-
deed can be strongly coupled to the QEs. To find an out-
put electric field produced by the cavity in the far-field
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photo-detector detector zone, we employ the Heisenberg
equation of motion (A12) for the photon mode opera-
tor in which the right-hand-side QE term is dropped by
setting µn = 0.
Following the input output formalism [32, 41], we in-
tegrate Eq. (A12) both forward (t > to) and backward
(tf > t) in time. This provides us with the expression
for the cavity output field
Eˆ⊥out(r, t) = Eˆ
⊥
in(r, t) (D1)
+
∑
m¯
↔
G(r − rm¯) · pˆm¯(t− |r − rm¯|/c),
in terms of the input filed (Eq. (A14)) and the LSP tran-
sition dipole operator pˆm¯ (Eq. (A5)) propagated by the
dyadic photon Green function (Eq. (A19)) to the detector
at coordinate r.
Since, the cavity-detector separation significantly ex-
ceeds the cavity linear size and t  |r − rm¯|/c, we
can replace the LSP mode with the collective SPCM
(Eq. (A34)) and retain only the far-field, term in the
photon Green function. Finally, partitioning the out-
put field into the negative and positive frequency com-
ponents, Eˆ⊥out = Eˆ
−
out + Eˆ
+
out, [42], we obtain
Eˆ−out(r, t) = Eˆ
−
in(r, t)−
psp − n(n · psp)
4piε0c2r
∂2t ψˆ
†(t) (D2)
Eˆ+out(r, t) = Eˆ
+
in(r, t)−
psp − n(n · psp)
4piε0c2r
∂2t ψˆ(t) (D3)
where r denotes the radius vector from the cavity and a
detector, n = r/r with r = |r|, and Eˆ−in = [Eˆ+in]† is due
to the first term in the right-hand-side of Eq. (A14).
The power emitted by the cavity is
dE
dt
= 2εocr
2
∫
4pi2
dΩ
〈
Eˆ−out(r, t) · Eˆ+out(r, t)
〉
(D4)
where the integration is perform over the whole solid an-
gle surrounding the cavity. The substitution of Eqs. (D2)
and (D3) into Eq. (D4) and subsequent integration over
the solid angle results in
dE(t)
dt
=
p2sp
3piεoc3
〈
∂2t ψˆ
†(t)∂2t ψˆ(t)
〉
. (D5)
The correlation functions containing the input field fluc-
tuations vanish after averaging.
Following the Wiener-Khintchine theorem [43], we de-
fine the photon power spectrum in terms of the SPCM
operator auto-correlation function as
S(ω)δ(ω − ω′) =
∫ ∞
−∞
dt
2pi
∫ ∞
−∞
dt′
2pi
(D6)
× 〈∂2t ψˆ†(t)∂2t ψˆ(t′)〉eiωt−iω
′t,
which simplifies to the form
S(ω)δ(ω − ω′) = ω2ω′2
∫ ∞
−∞
dt
2pi
∫ ∞
−∞
dt′
2pi
(D7)
× 〈ψˆ†(t)ψˆ(t′)〉eiωt−iω′t′ .
For the stationary process, one integral in the right-hand
side of Eq. (D7) can be evaluated resulting in δ(ω¯ − ω¯′)
to recover the form of Eq. (18) for S(ω). According to
Eqs. (D5)–(D7), the photon energy emitted by the cavity
per frequency range dω is related to the spectral function
S(ω) as
dE(ω)
dω
=
p2sp
3piεoc3
S(ω). (D8)
Note that an expression for the (power) spectrum of the
photons emitted within infinitesimally small solid angle
dΩ, can be obtained by simply multiplying (Eq. (D5))
Eq. (D8) with the prefactor 3 sin2 θ/(8pi) where the angle
θ is measured between psp and the radius vector pointing
to the detector.
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